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ABSTRACT
The Dynamics of Economic status and Health among Working-Age Adults in the United
States
Abdulkarim Mohammad Meraya
The relationship between economic status and health has been documented in the previous
literature. Economic, sociological and epidemiological studies have indicated that higher
economic status is associated with better physical and mental health. While these studies have
made significant contributions in this area, a comprehensive evaluation of the relationships
between economic indicators and health is still lacking. Most studies focused on a single
measure of economic status or health. Further, most studies have focused on one-direction –
economic indicators affecting health; little is known about the effect of health improvement on
gain in economic status. Furthermore, only a few studies have conducted comparative analysis of
whites and racial minorities. To fill the knowledge gap, the three related aims of this dissertation
were to: (1) examine the dynamic relationships between economic status (family income, labor
income and net wealth) and physical health measures (self-rated health and functional limitations
due to chronic conditions) among working-age adults in the United States US; (2) evaluate the
dynamic relationships between economic indicators (family income, labor income and net
wealth) and mental health (psychological distress and mental illnesses) among working-age
adults in the US; (3) evaluate the heterogeneous relationships between labor income and physical
and mental health by racial groups. The study utilized a retrospective observational longitudinal
design with repeated measures of economic indicators and health for a period of 14 years using 8
waves of the Panel Study of Income Dynamics: 1999 through 2013. In first aim, SystemGeneralized Method of Moment (system-GMM) models were used to evaluate the dynamic
relationships between economic indicators and physical health measures. Additionally, firstdifference estimators were used to examine the associations between changes in economic status
and changes in physical health. System-GMM revealed a significant positive relationships
between all economic indicators and self-rated health. Nevertheless, only labor income and net
wealth were associated with functional limitations. Self-rated health declined due to losses in
family income and labor income; decreases in self-rated health resulted in losses in family
income, labor income and net wealth. In the second aim, Probit and instrumental variable (IV)
probit models were used to evaluate the relationships between economic indicators and mental
illnesses. Further, ordinary least squares regression (OLS) and IV OLS were used to examine the
relationships between economic indicators and psychological distress scores. First-difference
estimators were used to assess the associations between changes in economic status and changes
in mental health. After controlling for the endogeneity between economic status and mental
health, we observed a significant inverse relationship between net wealth and the presence of a
mental illness. On the other hand, adjusted IV OLS revealed significant inverse relationships
between family income, net wealth and psychological distress. First-difference estimators
indicated that a decline in economic status resulted in a decline in mental health. Similarly, a
decline in mental health resulted in losses to net wealth, family and labor income. In the third
aim, System-GMM and heteroscedasticity-based instrument regressions were used to examine
the relationships between labor income and physical and mental health measures by racial

groups. First-difference and lagged fixed effects models were used to examine the effect of loss
in income on physical and mental health. We found that adults in higher labor income quartiles
had better self-rated health than those in the lowest quartile regardless of racial group. However,
the relationship between labor income and psychological distress varied by race group; whites
and African Americans in higher labor income quartiles had lower psychological distress scores
than their counterparts in the lowest quartile. This was not the case with Hispanics. Reductions in
labor income were associated with increases in psychological distress among whites only. In
summary, this dissertation revealed that not adjusting for the endogeneity between economic
status and health overestimates the relationship between the two. The results of this dissertation
suggest that the relationship between economic indicators and health is dependent on the health
measures that used to examine the relationship. Health is a multidimensional concept and
economic indicators seem to have different dynamic relationships with different components of
health. Findings of this dissertation study suggest a strong, bidirectional relationship between
economic status and physical health. Finally, the findings suggest heterogeneous relationships
between labor income and physical and mental health across racial groups.
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STRUCTURE OF THIS DISSERTATION
This dissertation is organized as the following: Chapter one briefly describes the different
measures of health and economic indicators, need for this dissertation, conceptual framework
used in this dissertation, and data sources utilized for this dissertation. Chapter two to four are
individual manuscripts, which focused on the aims of this dissertation. Chapter two focused on
the dynamic relationships between economic indicators and physical health measures among
adults in the United States (US); chapter three focused on the dynamic relationships between
economic indicators and mental health measures among adults in the US; Chapter four focused
on the race-stratified relationships between labor income and physical and mental health
measures. Chapter five included the discussion and the conclusion from the study findings.
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Chapter 1
Introduction
BACKGROUND
The relationships between economic indicators and health have been a subject of research
for the last two decades in the United States (US) (1-12). Economic, epidemiological and
sociological studies have been conducted to examine the direction of this relationship and
determine the possible causal pathways (1-12). Mortality rates are the gold standard for
measuring health status. However, mortality is an absorbing event, and cannot be used to
examine the way that health changes over the life cycle (13). Therefore, prior studies used
metrics other than mortality to analyze the link between economic indicators and health.
Numerous studies have indicated that economic indicators (i.e. family income, labor income, net
wealth) are positively associated with various physical health measures (e.g.: self-rated health)
(1,4-6,14-18) and negatively with mental health measure (psychological distress and disorders)
(9,11,12) Nevertheless, the consensus on the magnitude of the relationships lacks among those
studies. Further, some studies revealed no associations between economic indicators and some
physical and mental health measures (7,8,11).
The inconsistent findings may be attributed to four challenges to evaluating the
relationships between economic indicators and health: 1) heterogeneity in measures of health; 2)
heterogeneity in measures of economic indicators; 3) endogeneity between economic indicators
and health due to reverse causality and unobserved heterogeneity; and (4) lack of comprehensive
adjustors such as race/ethnicity, sex, and other risk factors that may affect health (example:
smoking, alcohol use, physical activity and obesity).
1

Physical and Mental Health Measures
World Health Organization defines health as “a state of complete physical, social and
mental well-being, and not merely the absence of disease or infirmity (19).” Therefore, health is
a complex multidimensional concept, and is dependent on the interactions between physical,
mental, and social dimensions. Although health is not only the absence of diseases, presence of
diseases can affect various dimensions of health. For example, the presence of a high disabling
disease like arthritis can affect physical, mental, and social dimensions of health. It should be
noted that there is no single measure that captures all the dimensions of health (20). Also, it is
difficult to measure all health aspects simultaneously. Therefore, the current dissertation focuses
on physical and mental dimensions of health.
Physical Health
There is a wide variation in how physical health is measured. Some studies have used
self-rated health (2,4,6,7,14,21-24), presence of chronic conditions (1,5,7,14,16,25-27) and
functional limitations due to chronic conditions (16) to represent physical health. These measures
are often chosen because they are highly correlated with mortality (28), productivity loss (29,30),
and are easy to obtain (28,31). Descriptions of physical health measure are as follow:
Self-rated Health
Self-rated health (SRH) is a widely used measure of physical health in epidemiological,
medical and economic research (32-35). It is based on asking individuals to rate their health
status on a five-point scale (Excellent, very good, good, fair, and poor) (32-35). SRH is a reliable
and valid measure of health (32-35). SRH can be used independently as a predictor of mortality.
In fact, previous studies suggested a consistent association between poor self-ratings of health
2

and higher risk of mortality (28). Additionally, SRH is significantly associated with morbidity
(36,37). SRH also provides broad measure of individuals’ health that goes beyond morbidity and
mortality (38). In 2014, 11.9% of US adults (≥18 years) reported their health as fair or poor (39).
In the US, SRH varies by poverty status, as 26.8 % of poor adults reported their health as fair or
poor while 7.4% of not poor adults reported their health as fair or poor (39). Therefore, this
measure of health has been widely used in assessing the relationships between economic
indicators and health. Some studies have reported positive associations between economic
indicators (family income, labor income and net wealth) and SRH (4-6,15,40). However, one
study revealed no relationship (7) between net wealth and SRH.
Chronic Conditions-Attributable Functional Limitations
Chronic conditions prevalence has increased dramatically in the US (41). In 2012, 117
million (1 in 2) adults lived with at least one chronic condition from a list of selected ten
conditions (hypertension, coronary heart disease, stroke, diabetes, cancer, arthritis, hepatitis,
weak or failing kidneys, current asthma, or chronic obstructive pulmonary disease) (41).
Although WHO definition of health states that the absence of a disease does not equal perfect
health, presence of a chronic condition imposes a threat to multiple dimensions of health.
Chronic conditions are highly associated with psychological disorders such as depression and
psychological distress (42,43). Also, disabling chronic conditions can minimize the functioning
of working-age and elderly adults (44). In 2014, 12.2% of US adults who aged 18 or over had
limitation(s) in their abilities to engage in work, social, and daily living activities due to one or
more chronic conditions (44). Furthermore, chronic conditions are highly associated with
productivity losses and lost in income (45,46). The studies have found that adults with lower
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income and wealth have higher number of chronic conditions and higher limitations due to
chronic conditions (5,16,17).
Mental Health
Mental health is “a state of well-being in which every individual realizes his or her own
potential, can cope with the normal stresses of life, can work productively and fruitfully, and is
able to make a contribution to her or his community (47).” Mental health is an important
dimension of an individual’s health, and there is a paucity of research on the relationship
between economic indicators and mental health. In the US, 43.6 million US adults (18.1%)
experienced poor mental health due to the presence of mental health conditions (48) such as
anxiety, depression, and bipolar disorders (48). Poor mental health is profoundly disabling (49)
and costly to the society and the patients and their families (50). For example, depression is the
second leading cause of disability (49); both depression and anxiety were associated with high
financial burden to the payors/patients and/or their families (51), productivity loss (52), and
healthcare expenditures (50). Studies have reported that psychological disorders and stress are
correlated with low-income (9,11,43,53-56). Although numerous studies have evaluated the
relationship between changes in mental health and the probability of employment (57-62), only a
handful of studies has examined the link between economic indicators and mental health
(9,11,12,53). These studies have documented inverse associations between economic indicators
and psychological distress and disorders (9,11,12,53). Nonetheless, those studies did not relate
the change in the economic indicators to the change in health. Therefore, the studies on the
dynamic relationship between economic indicators and health are limited.

4

Economic Indicators
It has been considerable debate over the best economic indicator that represents
individuals’ economic status. Household income, net wealth, home ownership, earnings and
wages from employment, poverty, and household expenditures are all measures that have been
used in the research to represent individuals’ economic well-being. Income reflects a temporary
flow of financial resources at one time-point and is considered more responsive to changes in
health. As a result, many studies have used household, family or labor income
(4,15,16,18,22,25,26,63) to represent the economic well-being of an individual. On the other
hand, wealth is the accumulated financial resources over the lifetime of an individual (64,65) and
considered more stable than income. As individuals and families can rely on accumulated wealth
in times of unemployment or times of declining health, some studies used wealth to examine the
relationships between economic indicators and health (5,6). However, health is a
multidimensional concept and economic indicators seem to have different dynamic relationships
with different components of health (4-7,22,23).
Endogeneity between Economic Indicators and Health
The relationship between economic indicators and health may be reciprocal. From
economic point of view, individuals with good health may have higher financial resources
compared to those with poor health because they can participate in activities that generate
income (22,66,67). From epidemiology and health policy perspectives, individuals with higher
financial resources have better health because they have better access to healthcare through
health insurance or able to spend out-of-pocket on healthcare (22,67,68). It is important to
address the endogeneity due to reverse causality between economic indicators and health in the
analyses to compute consistent unbiased estimates. Previous studies have employed some
5

statistical techniques including instrumental variables to address the endogeneity. However, it is
difficult to find a valid instrument that is strongly correlated with economic indicators and has no
direct effect on health. Therefore, future research needs to employ statistical techniques that
address the endogeneity between economic indicators and health without using weak
instruments.
Factors affect economic indicators, health or both
Many factors can alter the relationships between economic indicators and health
including age, sex, race/ethnicity and others. For example, the relationships between economic
indicators and health may vary by age groups as a result of the differences between working-age
and elderly adults (69-71). To capture the actual magnitude of the relationships between
economic indicators and health, researchers need to examine the relationships between the two
within working-age and elderly adults separately. Elderly adults have different economic
resources as compared to working-age adults (69-71). Elderly adults may have no labor income
because they are less likely to be employed. Another factor is the type of health insurance.
Working-age adults usually get their health insurance through their work or they buy private
health insurance (72). Conversely, elderly adults are eligible for public health insurance through
the government (73). Furthermore, elderly adults have higher health care needs due to the natural
process of aging. All these factors may alter the relationships between economic indicators and
health, and it is expected that the magnitude of the relationships would be different between
these two age groups. The appropriate economic indicators and health measures also vary by
these two age groups (1-12). Further, it is crucial to control for other factors that can affect
economic indicators or health such as marital status, physical activity, alcohol use, region of
residence, metro status, and others.
6

Studies on the racial/ethnic disparities in the relationships between economic indicators
are sparse. Racial and ethnic minorities have poorer health and less wealth as compared to the
white individuals (74,75). From 1984 to 2007, the wealth gap increased more than four times
between whites and African Americans (74). Also, African Americans and Hispanics have
higher mortality rates as compared to their white counterparts (75). Few studies have highlighted
the differences in the relationship between racial minorities and white individuals (11,16,76,77).
Nonetheless, most of these studies have utilized cross-sectional samples and all of them suffer
from the limitations mentioned above.
NEED FOR THE STUDY
Prior studies have suggested positive or no relationships between economic indicators
and health (1-12). While these studies have made significant contributions in this area, a
comprehensive evaluation of the relationships between economic indicators and health is still
lacking. Most studies have used a single measure of health (1-12); the concept of health is
abstract, and no single measure can capture all health dimensions (20). Of special interest is the
relationship between economic indicators and mental health, specifically psychological distress,
depression and/or anxiety because of the heavy illness burden (49). Yet, there are only a few
studies in this area (9,11,12,53). Further, most studies have focused on one-direction – economic
indicators affecting health; little is known about the effect of health improvement on gain in
economic status. Moreover, given the long-history of racial discrimination, differential effect of
poverty on health between whites and African Americans, racial inequities in education and
healthcare resources (74,78,79), it is important to examine racial disparities in the relationship
between economic indicators and health. Only a few studies have conducted comparative
analysis of whites and racial minorities (11,16,76,77). Furthermore, previous studies have not
7

adequately controlled for endogeneity between economic indicators and health due to reverse
causality, omitted variables and unobserved heterogeneity (2,4-6,9,11,12,40).
Understanding the relationship between economic indicators and health is crucial to suite
policies and programs. If there is a strong positive relationship between economic indicators and
health, policy makers need to focus on upstream factors (i.e. economic status) rather than
healthcare behavior and services. In addition, any sex or racial disparities in the link between
economic indicators and health will inform the policy makers on the need for special programs
for the minorities in US. Such programs need to address the racial economic inequality to
attenuate the racial health disparities in US.
The present dissertation addressed many of the limitations of existing studies by (1) using
a variety of health measures and economic indicators; (2) modeling dynamic rather than static
relationship between economic indicators and health; (3) adjusting for endogeneity that is caused
by unobserved heterogeneity, measurement error and reverse causality by using novel statistical
techniques; (4) and using a nationally representative database with the ability to track individuals
over time.
AIMS, OBJECTIVES AND HYPOTHESES
AIM 1: Examine the dynamic relationships between economic status (family income, labor
income and net wealth) and physical health measures (self-rated health and functional limitations
due to chronic conditions) among working-age adults in the US.
Hypothesis 1.1: A decrease in economic indicators will lead to a decline in health; improvements
in health will lead to increases in economic indicators.
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AIM 2: Evaluate the dynamic relationships between economic indicators (family income, labor
income and net wealth) and mental health (psychological distress and mental illnesses) among
working-age adults in the US.
Hypothesis 2.1: A decrease in economic indicators will lead to a decline in mental health;
improvements in mental health will lead to increases in economic indicators.
AIM 3: Evaluate the heterogeneous relationships between labor income and physical and mental
health by racial groups.
Hypothesis 3.1: Whites and African Americans with higher labor income will have better
physical health.
Hypothesis 3.2: Whites who experience a decline in labor income will also experience a decline
in physical and mental health.
Hypothesis 3.3: There will not be a statistically significant relationship between labor income
and mental health among African Americans and Hispanics.
CONCEPTUAL FRAMEWORK
The present dissertation was guided by a simple health economics framework in which
health capital, human capital and financial capital interact with each other. From a health
economic perspective, an individual born with a fixed health capital stock (health capital), which
declines with age because of biological processes (13). Michael Grossman (80) posits that
education (human capital) increases the efficient use of medical care and educated individuals
are more likely to improve their healthcare or effectively address/reverse a health decline.
Therefore, education rather than income or wealth is the primary driver of health. Case and
Deaton (13) improved on Michael Grossman’s framework and suggested that the link between
health and economic indicators are affected not only by health capital and human capital, but
9

also the financial resources an individual has (financial capital). The model further assumes that
there is equitable distribution of health at time of birth and this is not the case with human and
financial capital. Individuals with less human and financial capital, rely heavily on their health
capital and health capital deteriorates faster. Therefore, poor and less educated individuals are
more likely to have poor health. This was further expanded by Galama (66) who used health
capital as the foundation and suggested that health may also affect economic indicators. Under
his framework, “unhealthy individuals drop out of the labor force sooner, and lose income as a
result”. Although Case and Deaton acknowledge that other factors may affect both health and
financial capital, these factors were operationalized by Strauss and Thomas (81).
In this dissertation, we have integrated the frameworks and suggest that lower economic
well-being leads to health decline and subsequent improvement in health can lead to higher
economic well-being while adjusting for other factors that affect both economic indicators and
health (Figure 1.1).
Figure 1.1: The Bidirectional Relationship between Economic Status and Health

10

DATA SOURCES
Information from the Panel study of Income Dynamics was utilized in all specific aims.
Information on metros’ level of unemployment rate was retrieved from The Area Health
Resource File, and was linked to the PSID at the state and metro level.
The Panel Study of Income Dynamics (PSID)
The PSID was created in 1966 to assess President Lyndon Johnson’s War on Poverty
(82,83). The original PSID 1968 sample was drawn from two independent samples: an oversample of 1,872 low-income families from the Survey of Economic Opportunity; and a
nationally representative sample of 2,930 families (82,83). Those two samples constituted a
national probability sample of U.S. families in 1968 (82,83). The PSID further follow these
families and others to maintain a representative sample at any point in time and across time. The
PSID included all Individuals in the 1968 families and new-born or adopted Individuals (82,83).
The PSID also follow Individuals in 1968 families who started new families (82,83). In the
PSID, individuals in 1968 families are called “sample individuals”. Those sample individuals
and their descendants are followed for their lifetime. In addition, non-sample individuals are
followed if they marry sample individuals as long as they stay in the sample individual family
unit. The PSID has achieved high response rates (e.g.: 94.7% in 2009) (82,83). Households were
interviewed annually between 1968 and 1997, and biannually since then. As of 2015, 39 waves
of PSID have been collected, and 25,000 individuals in 10,000 families have been interviewed
(82-84).
Currently, the individuals in any panel come from three sources: the original 1968
sample; the 1997 refresher sample of post 1968 immigrants; and births and marriages in existing
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families (82-84). PSID is the only data set that provides information on life course and
multigenerational economic conditions, well-being, and health (82-84).
Figure 1.2: Steady State Panel Schematic

Interview data are released with five different files: family file, cross-year individual file,
birth history file, marriage history file, and parent identification file (84). In this dissertation,
both family and cross-year individual files, which are publicly available, will be used to gather
information on households. Most of the information about households’ heads and their wives are
available in the family file. Information on demographic, education, family composition, health
behavior, health care utilization, health history, health insurance, health status, economic
indicators are all available in the family file (84). On the contrary, limited information on every
person who was ever in an interviewed family at any point is available in the cross-year
individual file. It should be noted that the PSID provides other supplemental studies including
child development supplement, transition into adulthood supplement, disability and use of time,
and intergenerational transfer (84). For the purpose of the current study, we restricted our
12

analyses to the households’ heads who were continuously in the panel between 1999 and 2013.
Figures 1.2 and 1.3 depict the panel design of PSID.
Figure 1.3: Split-Offs Family Units

The Area Health Resource File (AHRF)
Unemployment rates were derived from the AHRF, provided by the Department of
Health and Human Services (85). This information was linked to the PSID by using five-digit
Federal Information Processing Standard (FIPS) codes at the metro-level.
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Chapter 2
The Dynamic Relationships between Economic Indicators and Physical Health Measures
among Working-Age Adults in the United States
ABSTRACT
We examined the dynamic relationships between economic indicators and health
measures utilizing data from 8 waves of the Panel Study of Income Dynamics from 1999 to
2013. Health measures were self-rated health (SRH) and functional limitations; economic
indicators were family income, labor income and net wealth. Four approaches of panel models:1)
System-Generalized Method of Moment (system-GMM); 2) first-difference; 3) first-difference
with instrumental variables (IV); 4) Lagged fixed effects; and two standard models: 1) ordinary
least squares regression (OLS) and 2) IV OLS were used to evaluate the dynamic relationships
between economic indicators and health measures. Standard models revealed significant positive
relationships between all economic indicators and SRH and negative relationships between all
economic indicators and functional limitations. System-GMM estimators revealed a significant
positive relationships between all economic indicators and SRH. Nevertheless, only labor
income and net wealth were associated with functional limitations. SRH declined due to losses in
family income and labor income; decreases in SRH resulted in losses in family income, labor
income and net wealth. Results highlight the need for integrating the economic and health
policies and programs to prevent the adverse effects on health whenever an individual
experiences a decline in economic status or health.
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INTRODUCTION
The relationships between economic indicators and health measures among adults living
in the United States (US) have been documented extensively in economic, epidemiological and
sociological studies (1-14). For example, in the US, Chetty and colleagues reported that men in
the top 1% of income distribution can live 15 years longer than the men in the 1% bottom of
income distribution. Similarly, women in the top 1% of income distribution can live 10 years
longer than the women in the 1% bottom of income distribution (13). While this study
highlighted the impact of economic status on mortality, there is a need for studies that evaluate
the effect of changes in economic status over time on health states other than mortality (15).
Also, further research is needed to evaluate how changes in income affect changes in health over
time and vice versa. As changes can consist of both declines and improvements in income and
health, the dynamic relationships between economic loss and health decline as well as economic
improvement and health improvement warrant examination.
The relationships between economic indicators and health may be bidirectional.
Therefore, the endogeneity between economic indicators and health need to be addressed in
estimating the effect of economic indicators on health (16,17). From an economic perspective,
healthier individuals may have access to greater economic resources because of their ability to
participate in the labor force and earn an income (16-18). On the other hand, from an
epidemiological and health policy perspectives, individuals with higher financial resources may
have better health because they have the ability to invest in their health (16-18). Some studies
have addressed this endogeneity by using statistical techniques such as instrumental variables
(IV) (3,6,12). However, it is very challenging to find valid instrument variables that have an
effect on health only through economic indicators (3,6,14).
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Therefore, recent efforts have focused on using information available in the panel data
(example: past histories) as instrumental variables after the panel-level effects have been
removed by first-differencing (19). These models were further refined by Arellano and Bond
(20), who used the panel structure of the data and derived procedures to determine the optimal
number of lagged endogenous and exogenous variables as instruments (20,21). These estimators
have become powerful econometric tools to address the effects of endogeneity and used in many
disciplines (22,23).
Two studies (6,14) examined the causal relationships between economic indicators and
health using the Arellano-Bond dynamic panel data estimators. These two studies have reported
mixed results with one of them indicating causal effect of economic status on health (14) and the
other indicating no causal effect of economic status on health (6). Halliday reported better selfrated health due to increases in labor income among working-age adults (21-64 years) using data
from the Panel Study of Income Dynamics. Michaud and Soest used wealth to represent the
economic status and various measures of mental and physical health as well as a composite index
to measure health based on data from the Health and Retirement Study (HRS). They concluded
that economic status did not affect health (6). The differences in findings may be due to
differences in age groups, measures of health, and economic indicators. In fact, Halliday
attributed the discrepancy in findings between his study and the study by Michaud and Soest to
differences in age group of the samples. However, it is plausible that the differences in findings
could be due to differing measurements of economic indicators and health. A major limitation of
both studies is that they did not control for other factors that may affect economic status, health
or both. Furthermore, these studies analyzed any change and did not distinguish between
economic gain and economic loss.
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Therefore, the objective of the current study is to examine the dynamic relationships
between various measures of economic status and physical health using a sample of working-age
adults (18-64 years) in the US. The study examined the effect of positive and negative changes in
economic status on health, and improvement and decline in health on economic status.
CONCEPTUAL FRAMEWORK
This study was guided by several economic frameworks in which health capital, human
capital and financial capital interact with each other. From a health economics perspective, an
individual is born with a fixed health capital stock (health capital), which declines with age
because of biological processes (15). However, according to Grossman, health of an individual
can be improved by investing in education (human capital) because educated individuals are
more likely to improve their healthcare or effectively address/reverse a health decline. Therefore,
education rather than income or wealth is the primary driver of health (24). Case and Deaton
further suggested that the link between economic indicators and health is affected by both
education (human capital) and financial resources (financial capital). In all these models, it is
further assumed that there is an equitable distribution of health, but not human and financial
capital, at the time of birth. Individuals with lower human and financial capital may thus be more
likely to suffer earlier and more rapid declines in health, and to have poorer health at any given
point in time than those with higher human and financial capital. Galama expanded these
concepts and suggested that health may also affect economic indicators. Under his framework,
“unhealthy individuals drop out of the labor force sooner, and lose income as a result”. Case and
Deaton also acknowledged that other factors such as age may affect both health and financial
capital. In the present study, we have integrated all these frameworks and hypothesize that lower
economic status will lead to decline in health and subsequent improvement in health can lead to
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higher economic status after adjusting for other factors that affect both economic indicators and
health.
METHODS
Study Design
The study utilized a retrospective observational longitudinal design with repeated
measures of economic indicators and health for a period of 14 years using 8 waves of the Panel
Study of Income Dynamics: 1999, 2001, 2003, 2005, 2007, 2009, 2011, and 2013. These waves
were selected due to the availability of the same sets of health variables. Data were pooled across
years and thus, each individual had 8 repeated observations.
Study Sample
The study sample consisted of heads of households (N = 2,693), who participated in all
the waves of the PSID between 1999 and 2013 and who were aged between 18-50 years in 1999.
Data Sources
The Panel Study of Income Dynamics (PSID):
The PSID was created in 1966 to help President Lyndon Johnson’s War on Poverty
(25,26). The original PSID 1968 sample was drawn from two independent samples: an oversample of 1,872 low-income families from the Survey of Economic Opportunity; and a
nationally representative sample of 2,930 families. The two samples constituted a national
probability sample of U.S. families in 1968 (25,26). Currently, the individuals in any panel come
from three sources: the original 1968 sample; the 1997 refresher sample of post-1968
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immigrants; and births and marriages in existing families (25-27). In this study, both family and
cross-year individual files were combined to gather information on households.
The Area Health Resource File (AHRF):
Unemployment rates were derived from the AHRF provided by the Department of Health
and Human Services (28). We linked the state-specific metro-level unemployment rate to the
PSID by state and metro status by using five-digit Federal Information Processing Standard
(FIPS) codes.
Measures
Health Status Measures
Self-rated health (SRH): PSID queried each respondent about “say your health in
general is excellent, very good, good, fair, or poor?” This SRH was coded on a scale of 1 to 5 (5
for excellent, 4 for very good, 3 for good, 2 for fair, and 1 for poor). Ware and colleagues
transformed the SRH to a 0-100 scale using a linear relationship between item scores and the
underlying health concept (29). Thus, higher scores in SRH indicate better health.
Functional limitations: PSID participants are asked about the functional limitations due
to any reported chronic condition. PSID asks respondents “How much does this condition limit
your normal daily activities?” The response is a 4-point scale: “not at all”, “just a little”,
“somewhat”, and “a lot”. Since the degree of the limitations is the purpose of this physical
measure, we coded the response of each limitation as follow: 0 for “not at all”, 1 for “just a
little”, 2 for “somewhat”, and 3 for “A lot”. Then, we summed the responses for all the
functional limitations due to asthma, arthritis, cancer, chronic obstructive pulmonary disease,
diabetes, heart disease, hypertension, stroke, memory loss and psychological disorders. Finally,
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we standardized the sum by transforming the sum of the raw scores to a 0 to 100 scale using the
following formula:
Functional Limitation score =

(Actual raw score)−(Minimum score)
(Maximum score)−(Minimum Score)

× 100

The functional limitations scores ranged from 0 to 100, with higher scores representing higher
functional limitations.
Change in Health: a) Increases in SRH: A binary indicator variable with the value of 1
representing improvements in SRH from one wave to the next and zero representing no change
or decreases in SRH scores from one wave to the next. b) Decreases in SRH: A binary indicator
variable with the value of 1 representing decreases in SRH from one wave to the next and zero
representing no change in SRH or increases in SRH scores from one wave to the next. c) Better
functional status: A binary indicator variable with the value of 1 representing a decline in
functional limitation scores from one wave to the next and zero representing no change or
increases in functional limitation scores from one wave to the next. d) Worsening functional
status: A binary indicator variable with the value of 1 representing an increase in functional
limitation scores from one wave to the next and zero representing no change or decreases in
functional limitation scores from one wave to the next.
Economic Indicators
Family Income: In the PSID, total family income is calculated as the sum of “head/wife”
taxable income (earnings, interest and dividends), head/wife transfer income, taxable or transfer
income of other family unit members, head/wife social security income, and other family unit
member’s social security income. The participants reported the incomes they received in the
prior year.
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Labor income: We measured labor income of the head of the household. Labor income
included all money earned from wages and salaries, bonuses, overtime, tips, commissions,
professional practice or any job-related income including farm or business income.
Total net wealth: In PSID, total net wealth is derived as the sum of home equity, farm or
business assets, checking or savings accounts, vehicles, stocks and bonds and net debts. Some
individuals in our study sample reported negative or zero family income (n = 15(1999) –
22(2013)), labor income (n = 154(1999) - 435(2013)) or net wealth (n = 444(1999) – 458(2013)).
In the current study, we recoded negative values to zero and added a small positive amount ($1)
to zero values.
Quintiles of Economic Indicators: We categorized family income, labor income, and net
wealth into quintiles based on the distribution of these variables in each wave. When economic
indicators were used as continuous measures, all the economic indicators were transformed into a
natural logarithmic scale.
Other Exogenous Explanatory variables: Prior literature has established that self-related
health and chronic conditions are affected by health behavior and obesity (30,31). Therefore, for
each head of the household, we measured the following variables in each wave: number of
chronic conditions categories (no condition, one condition, >= 2 chronic conditions), body mass
index (BMI) (kg/m2) (underweight<18.5], normal [18.5 – 24.9], overweight [25.0 - 29.9], or
obese [≥30.0]), smoking status (smoker, not a smoker) and alcohol use (user, non-user). Other
factors that may affect the economic status of the participants were age, marital status (married,
widowed, separated or divorced, and never married), number of children under 18 years of age,
health insurance, external financial support, and financial liabilities to others. Time-invariant
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variables were excluded from all models because they contradict the specifications of the fixed
effects models.
Instrumental Variables: Instrumental variables (IV) were used to address the
endogeneity between economic indicators and physical health measures. For family and labor
income, unemployment rates at the metro level were used. Unfortunately, information on county
of residence is not available in PSID. However, information on Beale-Ross Rural-Urban
Continuum codes were available for all PSID participants. From AHRF (28), we derived the
average unemployment rate for each of the Beale-Ross Rural-Urban Continuum group and
linked it with PSID. We used the responses (yes/no) to big settlement from an insurance
company, or an inheritance as an instrumental variable for net-wealth.
STATISTICAL ANALYSES
Ordinary Least Squares (OLS) Regression: The specifications of this model is as
follows:
hit = β0 + β1 Yit + β2 Xit + μit (1)
Where hit is the health of individual i at time t. Yit is the log transformed values or
quintile categories of the economic indicators. Xit is the matrix of the other explanatory variable.
In these models, we accounted for repeated observations.
IV OLS Regression: This statistical technique was applied to address the endogeneity
between economic indicators and physical health measures due to simultaneity, omitted variables
and measurement errors. We used metropolitan area unemployment rate and inheritance as
instrumental variables for income and wealth respectively. Following is the specification of the
model:
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Yit = γ0 + γ1 Zit + ϵit
hit = β0 + β1 ̂
Yit + β2 Xit + μit (2)
Where Zit represents the instrumental variables.
First-difference (FD) estimator: We used the first-difference estimator to analyze
changes in health due to change in economic status and to mitigate the concerns due to individual
fixed effects. Static linear panel data models may be inconsistent due to the time-invariant
individual’s characteristics (Fixed-effects). Those fixed-effects may be correlated with the
explanatory variables which may introduce the omitted variables bias. The first-difference
estimator can solve this problem by using the one-period changes for each individual. Using the
first-difference estimator removes the fixed individual-specific effects because they do not
change with time. The proposed model for this estimator is as follows:
∆hit = β1 ∆Yit + β2 ∆Xit + ∆μit (3)
IV FD: Combining the first-difference estimator with IVs could remove the bias due to
endogeneity between economic indicators and health measures. We used this estimator to
remove the effect of the endogeneity between economic indicators and health measures due to
reverse causality. The specification of this model is:
∆Yit = γ1 ∆Zit + ∆εit
̂it + β2 ∆Xit + ∆μit (4)
∆hit = β1 ∆Y
In the above models, we allow for clustering on the individual level in the statistical
inference.
Lagged-fixed effect estimator: Based on Michael Grossman’s conceptual framework,
the current status of health is a function of one’s past health and past economic status (i.e. t-1).
To test this, we estimated the following model:
hit = β0 + β1 hit−1 + β2 Yit−1 + β3 Xit−1 + μit (5)
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Arellano-Bond generalized method of moments (GMM) estimator (20): It is possible
that current health state is influenced by past health and current economic status and other
exogenous variables.
hit = β0 + β1 hit−1 + β2 Yit + β2 Xit + μit (6)
Equation 6 does not account for: 1) the endogeneity between economic indicators and
health measures; 2) individual-specific fixed effects; 3) the endogeneity between current state of
health and lagged health status; 4) heteroscedasticity and autocorrelation within individuals; and
5) the small time dimension compared to the large individual dimension (21). To solve these
problems, we can transform the previous equation to the following:
∆hit = β1 ∆hit−1 + β2 ∆hit + β3 ∆Xit + ∆μit (7)
In equation 7, the first-difference estimation can address limitations 1 and 2. The
Arellano and Bond system-GMM can address limitations 3, 4, and 5. Under the Arellano and
Bond approach, lags of the dependent variable are used as instruments to compute unbiased
consistent estimates of equation (7). However, weak instruments problem may occur in the
Arellano-Bond approach because lagged values of the endogenous variables may be weakly
correlated with the regressors in the first-difference model. Thus, Blundell and Bond (Blundell &
Bond 1998) proposed a system-GMM estimator. System-GMM estimator uses lagged
differences as instruments for the level model and lagged levels as instruments for the firstdifference model. Under system-GMM estimator, economic status is considered as a
predetermined variable and all the feasible lags of economic status and health measures (t-1 and
thereafter) are used as instrumental variables. However, we found that using only four lags of
health measures as IVs increased the efficiency of the models (Based on the second order
autocorrelation test and the Hansen J statistics on overidentifying restrictions). We also applied
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finite sample correction to the robust two-step covariance matrix calculated for system-GMM
estimator to reduce over-identification caused by too many IVs (21).
The effect of economic loss on health decline and economic gain on health
improvement: Lagged-fixed effects and first-difference estimators were used to examine the
dynamic relationships between economic loss and decline in health as well as economic gain and
health improvement. Appendix 2.1 displays the specifications of these models. All analyses were
weighted using 2013 PSID-provided longitudinal weights.
RESULTS
Characteristics of the study sample: The study sample consisted of 2,693 heads of
households, who were between ages 18 and 50 in 1999. In the study sample, 18.5% were women
and 81.5% were men. The majority of the adults in the study sample were white (75.1%) and
married (59.8%). Most lived in a metropolitan area (76.2%). Fifty-two percent were between 1839 years old in 1999. In the study sample, 808 adults had chronic conditions and were eligible to
respond to the functional limitations due to chronic conditions questions in 1999. The number of
adults who had chronic conditions steadily increased to 1,585 in 2013. Thus, the panel was not
balanced for functional limitations. Table 2.1 displays the weighted percentages across the 8
waves.
Economic indicators and physical health measures over time: Table 2.2 displays the
means and standard errors of actual and natural logarithmic values of labor income of the heads
of households, family income, net wealth, SRH and functional limitations across the eight waves.
There were fluctuations in the average values of economic indicators across waves. On the other
hand, SRH and functional limitations steadily deteriorated over time.
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The adjusted relationships between economic indicators and physical health
measures: Table 2.3 summarizes the parameter estimates and standard errors of the economic
indicators (family income, labor income, net wealth) on physical health measures (SRH and
functional limitations) from the adjusted OLS, IVOLS, FD, IVFD and lagged fixed effects.
Tables 2.4 and 2.5 summarize the Arellano-Bond system-GMM estimators for SRH and
functional limitations respectively.
Labor income and health measures:
Labor income and SRH: Adjusted OLS regression that accounted for repeated
observations indicated a significant positive relationship between labor income and SRH. When
labor income was measured in terms of quintiles, SRH was higher in labor income quintiles 2
through 5 as compared to the lowest labor income quintile. These relationships between labor
income and SRH persisted in IV OLS regressions. For example, in the adjusted analyses, SRH
was higher for higher levels of labor income (𝛽̂ = 3.945, p < 0.01). Similarly, in the lagged fixed
effects models labor income (in quintiles) showed a significant, positive relationship with SRH.
As illustrated in Table 2.4, models using the system-GMM estimator likewise indicated a strong
positive relationship between labor income and SRH (𝛽̂ = 0.868 p < 0.001). In contrast, in
analyses using FD with or without IV, no significant associations between labor income and
SRH were observed.
Labor income and functional limitations: The adjusted OLS indicated significant
negative relationships between labor income and functional limitations that persisted regardless
of whether labor income was assessed as a continuous variable or in quintiles. For example,
functional limitations declined progressively with rising quintile of labor income. Parameter
estimates and standard errors of labor income from the system-GMM estimator indicated a
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significant negative relationship between labor income and functional limitations (𝛽̂ = -0.515, p <
0.001) (Table 2.5). Likewise, in models using either lagged fixed effects or FD without IV,
functional limitations declined significantly with increasing labor income regardless of
measurement. However, there was no significant relationship between labor income and
functional limitations in FD models with IV.
Family income and health measures
Family income and SRH: Adjusted OLS, indicated significant positive relationships
between family income, family income quintiles and SRH. These relationships between family
income and SRH persisted in IV OLS regressions. For example, in the adjusted analyses, SRH
was higher as for higher levels of family income (𝛽̂ = 10.70, p < 0.01). Likewise, parameter
estimates and standard errors of family income from the system-GMM estimators (Table 2.4)
indicated that there was a significant relationship between family income and SRH (𝛽̂ = 0.871, p
<0.05). In contrast, analyses using lagged fixed effects and FD with and without IV indicated
that there was no significant relationship between family income and SRH.
Family Income and functional limitations: The adjusted OLS indicated significant
negative relationships between family income and functional limitations that persisted regardless
of whether family income was assessed as a continuous variable or in quintiles. For example,
functional limitations declined progressively with rising quintile of family income. In models
using lagged fixed effects and FD with and without IV, there were no significant relationships
between family income and functional limitations. Likewise, parameter estimates and standard
errors of family income from the Arellano-Bond system-GMM estimators (Table 2.5) indicated
that there was no relationship between family income and functional limitations.
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Net wealth and health measures:
Net wealth and SRH: Adjusted OLS suggested a significant positive relationship
between net wealth (continuous or in quintiles) and SRH. We also observed a significant
relationship between net wealth and SRH (𝛽̂ = 0.317, p < 0.001) using system-GMM estimators.
However, the relationships between net wealth and SRH were not significant in IV OLS
regressions, lagged fixed effects models, or FD models with IV.
Net wealth and functional limitations: Adjusted OLS revealed a significant negative
relationship between net wealth (continuous or in quintiles) and functional limitations. However,
IV OLS regressions revealed a significant positive relationship between net wealth and
functional limitations. Lagged fixed effects models indicated a significant negative relationship
between net wealth and functional limitation. System-GMM estimators indicated that there was a
significant negative relationship between net wealth and functional limitations (𝛽̂ = -0.142, p <
0.05).
Health improvement due to gain in economic status:
In the adjusted FD analyses, increases in net wealth were associated with a 1.8 percentage
point increase in the probability of SRH improvement. In the adjusted FD analyses, the
transitioning from a lower net wealth quintile to an upper quintile was associated with a 3.8
percentage point increase in the probability of SRH improvement. In the adjusted lagged fixed
effects, gains in family (𝛽̂ = 0.78, p < 0.05) or labor income (𝛽̂ = 0.89, p < 0.05) had a positive
impact on SRH; similar results were observed when labor income was measured as quintiles.
Gains in labor income were also associated with better functional status (𝛽̂ = -0.936, p < 0.001).
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Decline in health due to decline in economic status:
In the adjusted FD analyses, decreases in family income, labor income and net wealth
were associated respectively with 1.76, 2.1 and 2.2 percentage point increase in the probability of
SRH decline. The transition from an upper labor income quintile to a lower quintile was
associate with a 2.1 percentage point increase in the probability of SRH decline. Additionally,
the transition from an upper net wealth quintile to a lower quintile was associated with a 4.2
percentage point increase in the probability of SRH decline. In the adjusted FD analyses,
decreases in family income were associated with a 4.2 percentage point increase in the
probability of higher functional limitations. Furthermore, decreases in labor income or the
transition from an upper labor income quintile to a lower quintile were associated with 3.8 and
6.3 percentage points increase in the probability of higher functional limitations. In the adjusted
lagged fixed effects, the loss in family (𝛽̂ = -0.81, p < 0.05) or labor income (𝛽̂ = -0.75, p < 0.05)
was associated with declines in SRH; assessing labor and family income as quintiles yielded
similar findings. However, functional limitations worsened only with decline in labor income
(𝛽̂ = 0.863, p < 0.001).
The effects of health improvement and health decline on economic status:
In the adjusted FD analyses, SRH improvement was associated with significant gains in
family income and net wealth. SRH improvement increased the probability of gains in family
income and net wealth by 2.4 and 2.3 percentage points respectively. In lagged fixed effects
models, SRH improvement was associated with gains in all measures of economic status (Table
2.7). Conversely, reduction in SRH was associated with significant declines in all measures of
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economic status in the adjusted FD analyses, but only with decreases in labor income in the
lagged fixed effect model (Table 2.7).
DISCUSSION
The current study examined the dynamic relationships between economic indicators
(family income, labor income, and net wealth) and two physical health measures (SRH and
functional limitations). Using the standard OLS models, all economic indicators showed
significant positive relationships with SRH and significant negative relationships with functional
limitations. Using the Arellano-bond system-GMM estimators, we found positive relationships
between SRH and all measures of economic status. However, we did not find a significant
relationship between family income and functional limitations. Our study results suggest that the
relationship between economic indicators and health is dependent on the health measures that
used to examine the relationship. Health is a multidimensional concept and economic indicators
seem to have different dynamic relationships with different components of health.
When changes in economic indicators were examined by economic loss and economic
gain, we found strong relationships between losses in family or labor income and health decline.
Although we do not know the reasons for economic loss, one could speculate that decline in
labor income may be due to reduced work hours or a job loss. Future studies need to examine the
reasons for decline in labor income because policy prescriptions for protection against job loss
and reduced work hours differ. It is plausible that many adults in the US experienced income
losses due to job losses because our study period overlapped with the great 2007-2009 recession
(32). Decline in labor income (or family income) due to loss of employment has important
potential implications for the future health of these adults and their families. Although
unemployment insurance may provide some relief in the short-term (33), it may not cover all the
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hardships. For example, the majority of employed adults (58%) in the US receive employersponsored health insurance (34) and may lose health insurance coverage due to loss of
employment. Such loss of insurance coverage may contribute to further deterioration in health
status due to the lack of access to medical care.
We also found that improvement in SRH led to increases in family income, labor income
and net wealth after adjusting for other factors; conversely, decreases in SRH led to declines in
family income, labor income, and net wealth. In the US, adults with chronic health conditions are
more likely to report that their health is fair or poor (35), suggesting that policies and
interventions that decrease the burden of chronic disease among working-age adults could have
significant positive effects on economic status in this population. In addition, given that SRH is
widely considered to be an excellent measure of healthcare quality in the US (36), improving the
healthcare quality in the US may likewise promote/lead to improvement in economic well-being.
The current study has several strengths. First, we examined the potential reciprocal
relationships between economic status and health using a variety of economic and health
measures. Second, this study assessed the relationship of health to both continuous and
categorical measures of economic status. Third, we controlled for a comprehensive list of other
exogenous explanatory variables, including age, number of chronic conditions, body mass index,
alcohol use, smoking status, light physical activity, marital status, number of children under 18
years of age, health insurance status, external financial support, and financial liabilities to others.
Also, by tracking individuals over a 14-year period, we were able to analyze causal relationships
between economic status and health, including bidirectional relationships. We also used dynamic
panel data estimators, specifically Arellano-Bond estimators, to overcome the limitations of lack
of readily available valid instrumental variables.
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This study also suffers from some limitations. First, information on all variables was
based on self-reported data, raising the possibility of recall bias. Second, self-rated health status
and functional limitations may not capture the whole aspects of health. Third, although we
employed statistical techniques to remove the effects of endogeneity due to reverse causality and
omitted variables, we cannot completely eliminate these biases. Fourth, although we controlled
for fixed effects due to time-invariant factors such as sex, race/ethnicity and other contextual
factors, we did not provide the estimates of the effects of these factors. Also, the generalizability
is limited because we restricted our sample to those who were followed in all 8 waves of the
study.
CONCLUSION
Findings of this cohort study suggest a strong, bidirectional relationship between
economic status and health. Our findings suggest the need for integrating the economic and
health policies and programs to prevent the adverse effects on health whenever an individual
experiences either a decline in economic status or decline in health.
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Table 2.1
Weighted Percentages of Selected Characteristics of Working-Age Adults (18-64 Years)
Panel Study of Income Dynamics, 1999-2013, (N=2,693)
1999
2001
2003 2005
Time Invariant Characteristics

2007

2009

2011

2013

-

-

-

-

-

75.1
13.2
7.8
3.9
Time Varying Characteristics

-

-

-

-

Sex
Women
Men
Race/ethnicity
White
AA
Latino
Other
Age in years
18-39 years
40-49 years
50-64 years
Marital Status
Married
Widowed
Separated/Divorced
Never Married
Education
LE High School
High School
Some College
College, +
Employment Status
Employed
Not employed
Smoking Status
Smoker
Non-smoker
Alcohol Use
Yes
No
Body Mass Index Categories
Under weight
Normal
Over-weight
Obese
Light Physical Activity
GE 3 times/week
LT 3 times/week
Heavy Physical Activity
GE 3 times/week
LT 3 times/week
Chronic Physical Conditions
No Conditions
One condition
GE 2 conditions

18.5
81.5

-

-

52.2
42.8
5.0

43.2
42.5
14.3

36.1
41.1
22.8

28.9
38.9
32.3

23.0
37.3
39.8

17.7
34.1
48.2

11.8
31.5
56.7

7.1
29.0
63.4

59.8
1.0
16.4
22.8

61.0
1.1
17.0
20.9

61.6
1.2
17.7
19.6

62.1
1.1
18.2
18.7

62.8
1.3
18.2
17.8

61.7
1.5
19.7
17.2

61.1
1.5
20.5
17.0

60.2
1.8
21.4
16.6

15.2
27.9
23.8
33.1

15.2
27.8
23.8
33.1

14.0
30.1
22.4
33.5

14.0
30.1
22.3
33.6

14.0
30.1
22.3
33.6

12.4
27.8
22.9
36.9

12.5
27.7
22.9
36.9

12.4
27.1
23.4
37.1

91.1
8.9

90.2
9.8

89.7
10.3

88.9
11.1

87.6
12.5

81.7
18.4

79.3
20.7

75.9
24.1

24.0
76.0

24.3
75.7

24.1
75.9

22.5
77.5

21.2
78.8

20.5
79.5

19.8
80.2

17.8
82.2

69.6
30.4

70.1
30.0

69.6
30.4

69.0
31.0

68.5
31.5

68.9
31.1

69.7
30.3

68.1
31.9

0.7
33.3
42.6
23.3

0.8
30.1
43.3
25.9

0.9
28.5
42.4
28.2

0.8
25.9
44.5
28.9

0.7
24.5
43.2
31.6

0.6
22.7
43.0
33.8

0.9
23.1
42.7
33.4

0.8
21.9
43.5
33.7

64.3
35.7

64.6
35.5

65.1
34.9

58.8
41.2

55.6
44.4

56.8
43.3

56.5
43.5

56.4
43.6

32.5
67.5

32.1
67.9

31.5
68.5

40.9
59.1

40.6
59.5

41.6
58.4

42.3
57.7

39.8
60.2

70.2
21.1
8.7

66.7
22.7
10.6

61.4
25.3
13.3

57.8
25.6
16.6

52.3
27.8
19.9

48.1
28.8
23.2

44.6
28.7
26.7

41.4
28.7
29.8

Continued
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Table 2.1
Weighted Percentages of Selected Characteristics of Working-Age Adults (18-64 Years)
Panel Study of Income Dynamics, 1999-2013, (N=2,693)
1999
Metro Status
Metro
Urban
Rural
Region of Residence
Northeast
North central
South
West
Alaska, Hawaii
Other

2001

2003

2005

2007

2009

2011

2013

76.2
20.7
3.1

76.3
20.7
3.0

76.2
20.6
3.3

76.3
20.2
3.4

76.5
20.2
3.4

76.2
20.5
3.4

75.4
21.2
3.4

75.1
21.7
3.2

19.1
26.8
30.1
23.0
0.3
0.6

19.2
26.7
30.1
22.9
0.4
0.7

19.0
26.7
30.6
23.0
0.2
0.6

18.6
26.8
30.9
22.9
0.2
0.6

18.6
26.8
31.4
22.6
0.2
0.4

18.4
26.4
32.0
22.4
0.1
0.6

18.3
26.6
32.3
22.3
0.1
0.4

18.1
26.5
32.7
22.1
0.1
0.5

Note: Based on 2,693 head of household participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 1999 and 2013.
GE: Greater than or equal to; LE: Less than or equal to; LT: Less than.
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Table 2.2
Mean and Standard Errors (SE) of Economic Indicators and Health Measures
Working-Age Adults (18-64 Years)
Panel Study of Income Dynamics, panels 1999-2013, (N=2,693)
Economic Indicators
Ln Family
Family Income
Labor Income
Ln Labor Income
Net Wealth
Ln Net Wealth
Income
Mean (SE)
Mean (SE)
Mean (SE)
Mean (SE)
Mean (SE)
Mean (SE)
90,677 (2,071)
11.033 (0.026)
60,036 (1,685)
10.171 (0.061)
198,721 (15,410)
9.486 (0.102)
98,953 (2,479)
11.106 (0.03)
64,380 (1,774)
10.286 (0.057)
246,772 (29,259)
9.763 (0.1)
98,773 (2,622)
11.112 (0.027)
64,553 (2,132)
10.165 (0.066)
301,094 (31,739)
10.032 (0.097)
105,174 (4,022)
11.123 (0.029)
67,858 (2,651)
10.053 (0.074)
358,671 (30,163)
10.23 (0.102)
106,781 (2,840)
11.131 (0.032)
69,816 (2,337)
9.966 (0.077)
434,167 (42,197)
10.449 (0.103)
104,211 (2,727)
11.074 (0.039)
67,132 (2,242)
9.823 (0.081)
366,855 (26,126)
9.864 (0.112)
99,858 (2,806)
11.060 (0.030)
61,904 (2,111)
9.378 (0.09)
362,236 (27,604)
9.769 (0.11)
101,666 (3,686)
11.006 (0.035)
63,065 (3,374)
9.046 (0.101)
37,7623 (26,483)
9.929 (0.107)
Health Measures
Self-rated Health
Functional Limitations†
Mean (SE)
Mean (SE)
76.76 (0.55)
3.50 (0.27)
75.89 (0.58)
3.79 (0.3)
75.15 (0.61)
3.54 (0.26)
72.60 (0.61)
3.71 (0.24)
71.96 (0.63)
3.94 (0.27)
69.92 (0.64)
4.49 (0.29)
68.36 (0.66)
4.80 (0.3)
67.31 (0.66)
5.64 (0.33)

Year
1999
2001
2003
2005
2007
2009
2011
2013

1999
2001
2003
2005
2007
2009
2011
2013

Note: Based on 2,693 head of household participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 1999 and 2013.
†

Functional Limitations (N): 1999 (808), 2001 (922), 2003 (1,027), 2005 (1,148), 2007 (1,296), 2009
(1,396), 2011 (1,490), 2013 (1,585).
Ln: Natural Log.
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Table 2.3
Adjusted Parameter Estimates and Standard Errors of Economic Indicators
on Self-Reported Health and Functional Limitations† among Working-age Adults in the United States
The Panel Study of Income Dynamics, 1999-2013, (N=2,693)
Labor
Family Income
Labor
Net Wealth
Family Income
Income
Net Wealth
& Functional
Income
& Functional
& SRH
& Functional
& SRH
Limitations
& SRH
Limitations
Limitations
Ordinary Least Squares Regressions
Continuous
Measures
3.049***
-1.724***
1.593***
-1.023***
0.715***
-0.318***
(0.367)
(0.225)
(0.138)
(0.077)
(0.086)
(0.045)
Quintiles
Quintile 1
(Ref)
6.953***
-4.482***
7.616***
-6.842***
1.822
-1.536***
Quintile 2
(1.287)
(0.661)
(1.200)
(0.621)
(1.000)
(0.438)
9.837***
-6.072***
10.230***
-7.544***
3.553**
-3.369***
Quintile 3
(1.406)
(0.697)
(1.277)
(0.672)
(1.190)
(0.579)
12.170***
-7.115***
11.620***
-7.971***
7.710***
-3.872***
Quintile 4
(1.383)
(0.714)
(1.259)
(0.656)
(1.072)
(0.598)
15.340***
-7.548***
14.180***
-8.192***
11.460***
-4.622***
Quintile 5
(1.426)
(0.732)
(1.241)
(0.649)
(1.093)
(0.588)
Ordinary Least Squares Regressions with Instrumental Variables
Continuous
Measures
10.700**
-2.267
3.945**
-0.541
1.574
0.839
(3.689)
(1.558)
(1.271)
(0.334)
(1.159)
(0.880)
Quintiles
Quintile 1
(Ref)
14.880***
-4.495***
11.620**
-6.856***
1.182
7.336***
Quintile 2
(3.271)
(0.522)
(3.584)
(0.451)
(1.463)
(1.003
22.570***
-6.099***
16.560**
-7.564***
2.530
10.690***
Quintile 3
(4.914)
(0.388)
(5.421)
(0.395)
(2.165)
(1.522)
29.580***
-7.158***
20.330**
-7.995***
6.294*
15.450***
Quintile 4
(6.470)
(0.276)
(7.343)
(0.270)
(2.875)
(2.218)
40.190***
-7.618
26.970*
-8.226
9.368*
22.940***
Quintile 5
(8.859)
(.)
(10.580)
(.)
(4.205)
(3.125)
Lagged Fixed Effects
0.366
-0.263
0.133
-0.206**
0.051
-0.118**
Continuous
(0.264)
(0.188)
(0.104)
(0.068)
(0.068)
(0.038)
Measures
Quintiles
Quintile 1
(Ref)
0.184
-0.891
2.308**
-1.195*
0.271
-0.766
Quintile 2
(0.931)
(0.530)
(0.796)
(0.584)
(0.743)
(0.448)
1.300
-1.734**
1.541
-0.955
0.650
-1.249*
Quintile 3
(0.979)
(0.613)
(0.835)
(0.499)
(0.832)
(0.486)
1.628
-1.694*
2.231**
-1.195*
0.509
-1.255*
Quintile 4
(1.046)
(0.657)
(0.831)
(0.502)
(0.853)
(0.517)
1.537
-1.640*
2.209*
-0.819
1.311
-0.799
Quintile 5
(1.105)
(0.668)
(0.902)
(0.520)
(0.977)
(0.553)
Continued
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Table 2.3
Adjusted Parameter Estimates and Standard Errors of Economic Indicators
on Self-Reported Health and Functional Limitations† among Working-age Adults in the United States
The Panel Study of Income Dynamics, 1999-2013, (N=2,693)
Labor
Family Income
Labor
Net Wealth
Family Income
Income
Net Wealth
& Functional
Income
& Functional
& SRH
& Functional
& SRH
Limitations
& SRH
Limitations
Limitations
First Differences
0.294
-0.170
0.192
-0.296***
0.204**
-0.052
Continuous
(0.263)
(0.298)
(0.117)
(0.068)
(0.073)
(0.035)
Measures
-0.091
-0.181
-0.0507
-0.384***
0.929***
-0.201
Quintiles
(0.279)
(0.125)
(0.242)
(0.103)
(0.270)
(0.127)
First Differences with Instrumental Variables
7.673
2.796
-43.090
10.970
2.292
-3.075
Continuous
(10.63)
(7.205)
(254.2)
(108.1)
(4.610)
(6.497)
Measures
10.66
1.603
10.55
1.617
5.128
-8.395
Quintiles
(14.30)
(3.572)
(14.87)
(3.675)
(9.918)
(12.05)

Note: Based on 2,693 households’ head participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 1999 and 2013.
*** p < .001; **.001 ≤ p < .01; *.01 ≤ p < .05.
†

Functional Limitations due to chronic conditions were based on individuals who had chronic
conditions and the number varied across waves: (N): 1999 (808), 2001 (922), 2003 (1,027), 2005 (1,148),
2007 (1,296), 2009 (1,396), 2011 (1,490), 2013 (1,585).
OLS and IVOLS adjusted with age, number of chronic conditions (only SRH), body mass index, alcohol
use, smoking status, light physical activity, marital status, number of children under 18 years of age,
health insurance, external financial support, and financial liabilities to others. Individuals with missing
data on any of these variables were not included in the analyses (n = 80).
FD and IVFD adjusted with the change in age, number of chronic conditions (only SRH), body mass
index, alcohol use, smoking status, light physical activity, marital status, number of children under 18
years of age, health insurance, external financial support, and financial liabilities to others.
In lagged fixed effects models, the outcome is the SRH at time t (or functional limitation at time t).
Lagged fixed effect model included the following variables measured at t-1: SRH, economic indicator,
age, number of chronic conditions (only SRH), body mass index, alcohol use, smoking status, light
physical activity, marital status, number of children under 18 years of age, health insurance, external
financial support, and financial liabilities to others.
SRH: Self-rated health

46

Table 2.4
The Dynamic Relationships between Economic Indicators and Self-rated Health
Arellano-Bond (System-GMM)
Working-age Adults in the United States
The Panel Study of Income Dynamics, 1999-2013, (N=2,693)
Family Income
Labor Income
Net Wealth
Continuous Measures
0.871*
0.868***
0.317***
Economic Indicator
(0.352)
(0.121)
(0.086)
0.246***
0.238***
0.266***
SRHt-1
(0.021)
(0.020)
(0.020)
0.115***
0.115***
0.126***
SRHt-2
(0.019)
(0.019)
(0.019)
0.064***
0.053**
0.054**
SRHt-3
(0.019)
(0.019)
(0.019)
#IV
64
64
64
Hansen J
chi2(34): 44.03; P= 0.116
chi2(34): 40.74; P= 0.198
chi2(34): 33.63; P= 0.486
Quintiles
Quintile 1 (Ref)
Quintile 2
Quintile 3
Quintile 4
Quintile 5
SRHt-1
SRHt-2
SRHt-3
#IV
Hansen J

3.539**
(1.258)
3.958**
(1.378)
4.063**
(1.503)
4.105*
(1.614)
0.275***
(0.019)
0.120***
(0.0182)
0.064***
(0.017)
145
chi2(111): 99.23; P= 0.781

5.575***
(1.006)
5.892***
(1.087)
3.754***
(1.101)
4.227***
(1.174)
0.271***
(0.018)
0.135***
(0.0174)
0.067***
(0.017)
145
chi2(111): 133.78; P= 0.070

1.623
(0.873)
2.746**
(1.045)
5.349***
(1.175)
5.925***
(1.338)
0.244***
(0.019)
0.124***
(0.018)
0.059***
(0.017)
145
chi2(111): 124.28; P= 0.183

Note: Based on 2,693 households’ head participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 1999 and 2013.
*** p < .001; **.001 ≤ p < .01; *.01 ≤ p < .05.
Adjusted model includes age, number of chronic conditions, body mass index, alcohol use, smoking
status, light physical activity, marital status, number of children under 18 years of age, health insurance,
external financial support, and financial liabilities to others.
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Table 2.5
The Dynamic Relationship between Economic Indicators and Functional Limitations †
Arellano-Bond (System-GMM)
Working-age Adults in the United States
The Panel Study of Income Dynamics, 1999-2013, (N=2,693)
Family Income
Labor Income
Net Wealth
Continuous Measures
-0.535
-0.515***
-0.142*
Economic Indicator
(0.471)
(0.097)
(0.062)
0.572***
0.484***
0.582***
Functional Limitation t-1
(0.039)
(0.050)
(0.043)
0.242***
0.216***
0.266***
Functional Limitation t-2
(0.0445)
(0.047)
(0.045)
0.172**
0.132*
0.193***
Functional Limitation t-3
(0.057)
(0.064)
(0.057)
#IV
62
62
62
Hansen J
chi2(35): 45.90; P= 0.103
chi2(35): 52.70; P= 0.028
chi2(35): 50.54; P= 0.043
Quintiles
Quintile 1 (Ref)
Quintile 2
Quintile 3
Quintile 4
Quintile 5
Functional Limitation t-1
Functional Limitation t-2
Functional Limitation t-3
#IV
Hansen J

-1.008
(0.876)
-0.976
(0.999)
-1.227
(1.152)
-1.980
(1.222)
0.595***
(0.046)
0.252***
(0.045)
0.160**
(0.052)
143
chi2(112): 117.64; P= 0.339

-3.653***
(0.755)
-3.304***
(0.746)
-2.682***
(0.806)
-3.409***
(0.827)
0.565***
(0.047)
0.208***
(0.043)
0.172**
(0.056)
143
chi2(112): 123.41; P= 0.217

-1.329*
(0.545)
-1.582*
(0.638)
-1.619*
(0.644)
-1.788*
(0.739)
0.576***
(0.040)
0.207***
(0.040)
0.143**
(0.051)
143
chi2(112): 112.83; P= 0.460

Note: Based on 2,693 households’ head participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 1999 and 2013.
*** p < .001; **.001 ≤ p < .01; *.01 ≤ p < .05.
†

Functional Limitations due to chronic conditions were based on individuals who had chronic
conditions and the number varied across waves: (N): 1999 (808), 2001 (922), 2003 (1,027), 2005 (1,148),
2007 (1,296), 2009 (1,396), 2011 (1,490), 2013 (1,585).
Adjusted model includes age, number of chronic conditions, body mass index, alcohol use, smoking
status, light physical activity, marital status, number of children under 18 years of age, health insurance,
external financial support, and financial liabilities to others.
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Table 2.6
Changes in Economic Status (Gain and Loss) and Changes in Health Measures (Decline or Improvement)
Working-Age Adults in the United States
The Panel Study of Income Dynamics, 1999-2013, (N=2,693)
Functional Limitations†
SRH
Gain in Economic Status and Improvement in SRH and Decreases in Functional Limitations
FD
Lagged Fixed
FD
Lagged Fixed
(Adjusted)
Effect
(Adjusted)
Effect
0.013
0.008
Ln Family Income
0.781*
-0.186
(0.008)
(0.354)
(0.014)
(0.205)
0.005
0.020
Change in Family Income Quintile
0.606
-0.842**
(0.009)
(0.516)
(0.017)
(0.309)
0.010
-0.007
Ln Labor Income
0.890**
-0.936***
(0.007)
(0.323)
(0.013)
(0.177)
0.0174
0.024
Change in Income Labor Income
1.285*
-0.863**
(0.010)
(0.520)
(0.017)
(0.265)
Quintile
0.018*
0.003
Ln Net Wealth
0.458
-0.323
(0.007)
(0.317)
(0.012)
(0.175)
0.038***
0.027
Change in Net Wealth Quintile
1.075*
-0.496
(0.010)
(0.501)
(0.016)
(0.275)
Functional Limitations†
SRH
Loss in Economic Status and Decline in SRH and Increases in Functional Limitations
FD
Lagged Fixed
FD
Lagged Fixed
(Adjusted)
Effect
(Adjusted)
Effect
0.0176*
0.042**
Ln Family Income
-0.810*
0.204
(0.008)
(0.354)
(0.014)
(0.207)
0.009
0.020
Change in Family Income Quintile
-0.981*
0.555*
(0.010)
(0.472)
(0.018)
(0.274)
0.021**
0.038**
Ln Labor Income
-0.748*
0.863***
(0.008)
(0.321)
(0.0136)
(0.169)
0.0211*
0.063***
Change in Income Labor Income
-1.556***
1.427***
(0.011)
(0.472)
(0.018)
(0.277)
Quintile
0.022**
0.005
Ln Net Wealth
-0.512
0.160
(0.008)
(0.330)
(0.014)
(0.189)
0.042***
0.030
Change in Net Wealth Quintile
-1.008*
0.400
(0.010)
(0.481)
(0.018)
(0.274)

Note: Based on 2,693 households’ head participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 1999 and 2013.
*** p < .001; **.001 ≤ p < .01; *.01 ≤ p < .05.
Economic Gain: One-period positive change or transition from a lower quintile to un upper quintile.
Health Improvement (SRH): A binary indicator variable measuring one-period change in SRH with the
value of 1 representing improvements in SRH and zero representing no change or worsening health.
Economic Loss: One-period negative change or transition from an upper quintile to a lower quintile.
Health Decline (SRH): A binary indicator variable measuring one-period change in SRH with the value
of 1 representing a decline in SRH and zero representing no change or health improvement.
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Functional Limitation improvement: A binary indicator variable measuring one-period change in
functional limitation with the value of 1 representing improvements in functional limitation and zero
representing no change or worsening functional limitation.
Worsening functional status: A binary indicator variable measuring one-period change in functional
limitation with the value of 1 representing increases in functional limitation and zero representing no
change or functional limitation improvement.
†

Functional Limitations due to chronic conditions were based on individuals who had chronic
conditions and the number varied across waves: (N): 1999 (808), 2001 (922), 2003 (1,027), 2005 (1,148),
2007 (1,296), 2009 (1,396), 2011 (1,490), 2013 (1,585).
In FD model, the outcome is health improvement (or decline) and the key endogenous variable is
economic gain (or loss). FD adjusted for one-period changes in age, number of chronic conditions (only
SRH), body mass index, alcohol use, smoking status, light physical activity, marital status, number of
children under 18 years of age, health insurance, external financial support, and financial liabilities to
others.
In lagged fixed effect model, the outcome is the SRH at time t (or functional limitation at time t). The key
independent variable is either economic gain or loss. Lagged fixed effect model included the following
variables measured at t-1: health measure, economic indicator, age, number of chronic conditions (only
SRH), body mass index, alcohol use, smoking status, light physical activity, marital status, number of
children under 18 years of age, health insurance, external financial support, and financial liabilities to
others.
SRH: Self-rated health; Ln: Natural Log.
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Table 2.7
Changes in Health (Decline or Improvement) and Changes in Economic Status (Gain or Loss)
Working-Age Adults (18-64 Years) in the United States
The Panel Study of Income Dynamics, 1999-2013, (N=2,693)
Ln Family Income
Ln Labor Income
Net Wealth
Improvement in SRH and Decreases in Functional Limitations† and Gain in Economic Status
FD
Lagged Fixed
FD
Lagged Fixed
FD
Lagged Fixed
(Adjusted)
Effect
(Adjusted)
Effect
(Adjusted)
Effect
0.024*
0.018
0.023*
0.058**
0.284***
0.143*
(0.011)
(0.022)
(0.011)
(0.076)
(0.011)
(0.072)
0.012
-0.023
-0.011
0.018
0.710***
0.030
(0.017)
(0.035)
(0.016)
(0.113)
(0.016)
(0.112)
Ln Family Income
Ln Labor Income
Net Wealth
Decline in SRH and Increases in Functional Limitations† and Loss in Economic Status
FD
Lagged Fixed
FD
Lagged Fixed
FD
Lagged Fixed
(Adjusted)
Effect
(Adjusted)
Effect
(Adjusted)
Effect
0.032**
0.033***
-0.037
-0.318***
-0.039
0.030** (0.010)
(0.011)
(0.021)
(0.065)
(0.010)
(0.066)
0.035*
0.022
0.002
-0.075*
-0.797***
-0.175
(0.015)
(0.030)
(0.015)
(0.106)
(0.015)
(0.097)

Note: Based on 2,693 households’ head participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 1999 and 2013.
*** p < .001; **.001 ≤ p < .01; *.01 ≤ p < .05.
Economic Gain: One-period positive change or transition from lower quintile to upper quintile.
Health Improvement (SRH): A binary indicator variable measuring one-period change in SRH with the
value of 1 representing improvements in SRH and zero representing no change or worsening health.
Economic Loss: One-period negative change or transition from upper quintile to lower quintile.
Health Decline (SRH): A binary indicator variable measuring one-period change in SRH with the value of
1 representing decline in SRH and zero representing no change or health improvement.
Functional Limitation improvement: A binary indicator variable measuring one-period change in
functional limitation with the value of 1 representing improvements in functional limitation and zero
representing no change or worsening functional limitation.
Worsening Functional Status: A binary indicator variable measuring one-period change in functional
limitation with the value of 1 representing increases in functional limitation and zero representing no
change or functional limitation improvement.
†

Functional Limitations due to chronic conditions were based on individuals who had chronic
conditions and the number varied across waves: (N): 1999 (808), 2001 (922), 2003 (1,027), 2005 (1,148),
2007 (1,296), 2009 (1,396), 2011 (1,490), 2013 (1,585).
In FD model, the outcome is economic gain (or loss) and the key endogenous variable is health
improvement (or decline). FD adjusted for one-period changes in age, number of chronic conditions (only
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SRH), body mass index, alcohol use, smoking status, light physical activity, marital status, number of
children under 18 years of age, health insurance, external financial support, and financial liabilities to
others.
In lagged fixed effect model, the outcome is the economic indicator at time. Lagged fixed effect model
included the following variables measured at t-1: health measure, economic indicator, age, number of
chronic conditions (only SRH), body mass index, alcohol use, smoking status, light physical activity,
marital status, number of children under 18 years of age, health insurance, external financial support, and
financial liabilities to others.
SRH: Self-rated health; Ln: Natural Log.
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First
DifferenceHealth
improvement

First
DifferenceHealth decline

Lagged-Fixed
effectsEconomic Gain

Lagged-Fixed
effectsEconomic Loss

Appendix 2.1
Specifications of Economic Gain and Loss Models
hiit: A binary indicator variable measuring one-period change in
∆hiit = β1 ∆Yg it + β2 ∆Xit + ∆μit
health with the value of 1 representing improvements in health and
zero representing no change or worsening health.
Ygit: One-period positive change or transition from lower quintile to
upper quintile.
ΔXit: the change in the matrix of time-variant control variables.
Δμit: The change in the error term.
hdit: A binary indicator variable measuring one-period change in
∆hdit = β1 ∆Ylit + β2 ∆Xit + ∆μit
health with the value of 1 representing decline in health and zero
representing no change or health improvement.
Ylit: One-period negative change or transition from upper quintile to
lower quintile.
ΔXit: the change in the matrix of time-varying control variables.
Δμit: The change in the error term.
hit is the health of individual i at time t. hit-1 is the health of individual
hit = β0 + β1 hit−1 + β2 Yit−1 + β3 ∆Yg it +
i at time t-1. Yit-1 is the economic indicator at time t-1. Xit-1 is the
matrix of the other exogenous variables at t-1.
β4 Xit−1 + μit
Ygit: One-period positive change or transition from lower quintile to
upper quintile.
hit is the health of individual i at time t. hit-1 is the health of individual
hit = β0 + β1 hit−1 + β2 Yit−1 + β3 ∆Ylit +
i at time t-1. Yit-1 is the economic indicator at time t-1. Xit-1 is the
matrix of the other exogenous variables at t-1.
β4 Xit−1 + μit
Ylit: One-period negative change or transition from upper quintile to
lower quintile.
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Chapter 3
The Dynamics of Economic status and Mental Health among Working-Age Adults in the
United States
ABSTRACT
We examined the dynamic relationships between economic status and mental health
measures with data from 4 waves of the Panel Study of Income Dynamics (PSID) from 2007 to
2013 in the United States (US). Mental health was assessed using self-reported diagnosis of
psychiatric disorders, as well as participant scores on the Kessler-6 Non-Specific Psychological
Distress Scale; mental illness was defined as the presence of depression, anxiety, or serious
psychological distress. Economic status was measured using family income, labor income and
net wealth in quintiles. The study sample comprised 4,867 heads of households from the PSID.
Probit and instrumental variable (IV) probit models were used to evaluate the relationships
between economic indicators and mental illnesses. Further, ordinary least squares regression
(OLS) and IV OLS were used to examine the relationships between economic indicators and
psychological distress scores. First-difference estimators were used to assess the associations
between changes in economic status and changes in mental health. After controlling for the
endogeneity between economic status and mental health, we observed a significant relationship
between net wealth and the presence of a mental illness. On the other hand, adjusted IV OLS
revealed significant relationships between family income, net wealth and psychological distress.
First-difference estimators indicated that a decline in economic status resulted in a decline in
mental health. Similarly, a decline in mental health resulted in losses to net wealth, family and
labor income. Our findings suggest that mental health and economic status have a strong
bidirectional relationship. Therefore, US programs and policies to improve either mental health
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or economic status of individuals may need to take into account both mental health and
economic sectors.
INTRODUCTION
The World Health Organization (WHO) defines health as “a state of complete physical,
social and mental well-being, and not merely the absence of disease or infirmity (1),” suggesting
that mental health is an important domain of population health, and an integral component of the
overall health of an individual. Mental health is “a state of well-being in which every individual
realizes his or her own potential, can cope with the normal stresses of life, can work productively
and fruitfully, and is able to make a contribution to her or his community (2).” Under this broad
definition, impaired mental health can encompass - mental illnesses (chronic conditions such as
schizophrenia and post-traumatic stress disorder), episodic health conditions such as depression,
anxiety, chronic stress, psychological distress, behavioral disorders, and substance abuse. Poor
mental health can have profound adverse effects on health and cognitive function and is a
significant contributor to disability (3). For example, depression is the second leading cause of
disability in the United States (US) (3). Poor mental health also has economic consequences for
the individuals, families, healthcare systems, and society. In 2009, mental health treatment
spending from all public and private sources was $171.7 billion (4). For individuals, mental
health can lead to loss of productivity (5,6), reduction in working hours and unemployment (611).
Mental health is determined by multiple and interacting social, psychological, and economic
factors. In 2011, 75% of the American adults reported financial concerns as a significant source
of stress (12). Many studies have examined the contemporaneous relationships between
economic indicators and mental health (19-22). For example, several previous investigations
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have shown depression, anxiety and serious psychological distress to be more prevalent among
adults with limited financial resources (16,17,18). In addition, a meta-analysis of 50 crosssectional studies reported that individuals with low income were more likely to report depression
compared to those with high income (23). These findings suggest that economic stress may lead
to depression, anxiety and serious psychological distress (13-15). Recent longitudinal studies
offer further evidence for a causal link between economic indicators and mental health
(15,20,24,25). For example, Yilmazer et al. reported that a decline in housing wealth was a
significant, independent predictor of increased psychological distress during the great recession
of 2007-2009 (15). McMillan et al. also reported a strong inverse association between income
and subsequent psychological distress (25). Likewise, findings of two recent population-based
studies suggest that lower income and wealth increase risk for the development of both
depression and anxiety (20,24). For example, in an investigation using the National
Epidemiologic Survey of Alcohol and Related Conditions (NESARC), Sareen et al. reported that
households with lowest income were more likely to report depression, and reduction in income
from one wave to the next was associated with increased risk of depression (20). The effect of an
economic shock (loss of employment or economic loss) on mental health has also has been
studied (15,26,27). Collectively, findings of these investigations suggest that financial well-being
can have a profound effect on mental health.
Conversely, impairment in mental health may also lead to negative economic consequences.
For example, numerous studies have shown that individuals with poor mental health are less
likely to secure and maintain employment compared to those with better mental health (6-11).
However, although the link between psychological and financial status/well-being appears
strongly reciprocal, few studies have rigorously evaluated the bidirectional relationship between
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economic status and mental health. Moreover, with the exception of two studies in a sample of
US elders (22,28), few studies have addressed the potential endogeneity between economic
status and mental health.
Two theories have been proposed to explain the relationship between economic status and
mental health (17,20): social causation and social selection. The social causation theory assumes
that economic status is a determinant of mental health and posits that experiencing an economic
shock increases the risk of mental illness. Thus, a sudden loss of income or wealth can lead to
incident mental illnesses. From an epidemiological perspective, social causation (economic
status as a predictor of mental health) can explain the high prevalence of depression, anxiety, and
other psychological disorders among individuals with low economic status (29-32). On the other
hand, social selection theory assumes that mental health influences subsequent economic status,
positing that environmental and genetic factors contribute to incident mental illness, which, in
turn, leads to a reduction in economic resources (17). From an epidemiological perspective,
social selection (mental health as a determinant of economic status) can explain low economic
status among individuals with psychiatric disorders such as schizophrenia (29-32). From an
economic point of view, mental illness can lead to a decline in income due to the inability to
work; conversely, economic shocks can increase stress, which may lead to psychological
disorders and distress (6,14).
The objective of the current study is to evaluate the bidirectional relationships between
economic indicators (family income, labor income and net wealth) and indices of mental health
(mental illness and psychological distress), adjusting for the potential endogeneity between
economic status and mental health. There are several points of departure between the current
study and previous investigations. The current study used a comprehensive list of economic and
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mental health measures. We also addressed the endogeneity between economic indicators and
mental health by employing instrument variables techniques. The current study focuses on
working-age adults, since they have different economic resources and healthcare needs. In this
study, we also controlled for other factors that may affect economic indicators, mental health or
both such as age, self-rated health and other factors in previous studies (33-35).
METHODS
Study Design: The study utilized a retrospective observational longitudinal design with
repeated measures of economic indicators and mental health measures for a period of 6 years
using 4 waves of the Panel Study of Income Dynamics (PSID): 2007, 2009, 2011, and 2013.
Psychological distress and mental health measures were continuously available in the PSID in
these waves.
Study Sample: The study sample comprised heads of households who participated in all the
waves of the PSID between 2007 and 2013 and who were aged between 18-58 years in 2007 (N
= 4,867).
Data Sources: PSID: The PSID is a longitudinal study of the US population which began in
1968. The PSID 1968 sample was drawn from national probability sample of 1,872 low-income
families from the Survey of Economic Opportunity and a nationally representative sample of
2,930 families (36-38). Currently, the individuals in any panel come from three sources: the
original 1968 sample; the 1997 refresher sample of post-1968 immigrants; and births and
marriages in existing families (36-38). In this study, both family and cross-year individual files
were combined to gather information on households.
Measures: Mental Health Measures: Psychological Distress: Psychological distress was
measured using the 6 item Kessler-6 Non-Specific Psychological Distress Scale (39), which
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included the following questions: “In the past 30 days, about how often did you feel: (1) so sad
nothing could cheer you up? (2) nervous? (3) restless or fidgety? (4) hopeless? (5) that
everything was an effort? (6) worthless?” The responses to these six questions are on a scale of 1
to 5: all of the time, most of the time, some of the time, a little of the time, none of the time. In
the current study, the summary score from the Kessler-6 scale was used to measure
psychological distress. Mental Illness: Since 1999, the PSID has included a question regarding
diagnosis of any emotional, nervous, or psychiatric problems. In 2005, PSID added a follow-up
question about specific psychiatric disorder (depression, bipolar disorder, schizophrenia, anxiety,
phobias, alcohol abuse, drug abuse, obsessive compulsive disorder and other) for those
indicating diagnosed psychological problems. For the purposes of this study, mental illness was
defined as present if participants 1) indicated a diagnosis of depression or anxiety and/or 2)
scored 13 or greater on the Kessler-6 scale, a cut point considered to reflect serious
psychological distress, and to be a strong indicator of mental illness (18,40,41).
Change in Mental Health Measures: a) Increases in psychological distress: A binary
indicator variable with the value of 1 representing an increase in psychological distress scores
from one wave to the next and zero representing no change or decreases in psychological distress
scores from one wave to the next. b) Decreases in psychological distress: A binary indicator
variable with the value of 1 representing improvements in mental health (i.e. decline in
psychological distress scores from one wave to the next and zero representing no change or
increases in psychological distress scores from one wave to the next. c) Mental illness onset: A
binary indicator variable with the value of 1 representing mental illness onset and zero
representing recovery from or no change in mental illness. d) Recovery from mental illness: A
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binary indicator variable with the value of 1 representing recovery from mental illness and zero
representing no change in the mental illness status or onset of mental illness.
Economic Indicators: Family Income: In the PSID, total family income is calculated as
the sum of head/wife taxable income (earnings, interest and dividends), head/wife transfer
income, taxable or transfer income of other family unit members, head/wife social security
income, and other family unit member’s social security income. The participants reported the
incomes they received in the prior year. Labor income: We measured labor income of the head
of the household. Labor income included all money earned from wages and salaries, bonuses,
overtime, tips, commissions, professional practice or any job-related income including farm or
business income. Total net wealth: In PSID, total net wealth was calculated as the sum of home
equity, farm or business assets, checking or savings accounts, vehicles, stocks and bonds and net
debts. For purposes of analysis, we categorized family income, labor income, and net wealth into
quintiles based on the distribution of these variables in each wave.
Other Exogenous Explanatory variables: For each head of the household, we measured
the following variables in each wave: self-rated health (continuous variable, 0-100); obesity
(yes/no); smoking status (smoker, not a smoker) and alcohol use (user, non-user). Other factors
that may affect the financial ability of the households were: age; marital status (married,
widowed, separated or divorced, and never married); number of children under 18 years of age;
health insurance; external financial support and financial liabilities to others.
Instrumental Variables (IV): Instrumental variables were used to address the
endogeneity between economic indicators and mental health measures. We used family
economic background (poor, average, better well-off) and father’s education as IVs for family
and labor income and wealth. We employed several IV diagnostic tests to evaluate the IVs’
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validity and strength including Kleibergen-Paap F-statistic which is the heteroscedasticity robust
version of the Cragg-Donald statistic (42), and Anderson-Rubin test for significance of
endogenous regressors (43). Both tests indicated that our IVs were satisfactory.
STATISTCAL ANALYSES
Ordinary Least Squares (OLS) regression: We used unadjusted and adjusted OLS
regressions to evaluate the associations between economic indicators and psychological distress.
IV OLS Regression: This statistical technique was applied to address the endogeneity between
economic indicators and psychological distress due to simultaneity, omitted variables and
measurement errors. We used family economic background and father’s education as IVs for
income and wealth. Probit regression estimator: Because mental illness measure in this study
is a binary variable, we used unadjusted and adjusted probit regression models to examine the
relationships between economic indicators (family income, labor income and wealth) and mental
illness. IV probit regression: Family economic background and father’s education were used as
IVs to address the endogeneity between economic indicators and mental illness. First-difference
estimators were used to examine the dynamic relationships between economic loss and decline
in mental health as well as between economic gain and mental health improvement and vice
versa. In all the above models, we accounted for clustering of observations within an individual
in the statistical inference. All analyses were weighted using 2013 longitudinal weights provided
by the PSID investigators.
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RESULTS
Characteristics of the study sample:
The study sample comprised 4,867 heads of households who were between 18 and 58
years of age in 2007. A majority of the study sample were male (76.5%), white (71.1%), married
(52.7%), and living in metropolitan areas (76.3%). Forty-percent of the adults were between 1839 years old in 2007 and 32.6% had completed at least 4 years of college. Table 3.1 displays the
weighted percentages across the 4 waves.
Economic Indicators and mental health measures over time:
Table 3.2 displays the means and standard errors of actual and natural logarithmic values
of family income, labor income of the head of household and family net wealth across the four
waves. There were fluctuations in the averages of family income and net wealth across the
waves. On the other hand, labor income steadily decreased over time. Table 3.3 presents the
weighted percentages of onset of mental illness and the means and standard errors of
psychological distress across the 4 waves and by quintiles. In 2007, 4.5% of the study sample
had a new onset of mental illness (depression/anxiety/serious psychological distress).
The relationship between economic indicators and mental health measures:
Economic Indicators and Psychological Distress:
Family income and psychological distress: In the adjusted OLS, family income showed a
significant, negative association with psychological distress scores. Adults in quintiles 2 (𝛽̂ = 1.2, p < 0.001), 3 (𝛽̂ = -1.6, p < 0.001), 4 (𝛽̂ = -1.7, p < 0.001) and 5 (𝛽̂ = -1.8, p < 0.001) had
lower psychological distress scores than adults in the lowest quintile of family income. After
adjusting for endogeneity, adults in quintiles 2 (𝛽̂ = -2.0, p < 0.001), 3 (𝛽̂ = -2.9, p < 0.001), 4 (𝛽̂ =
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-3.5, p < 0.001) and 5 (𝛽̂ = -4.4, p < 0.001) had significantly lower psychological distress scores
than adults in the lowest quintile of family income.
Labor income and psychological distress: In adjusted OLS, adults in higher quintiles
from 2-5 had lower psychological distress scores as compared to adults in the lowest quintile of
labor income. After adjusting for endogeneity, only adults in the second (𝛽̂ = -1.4, p < 0.05) and
third (𝛽̂ = -2.4, p < 0.05) quintile of labor income had significantly lower psychological distress
score than those in the lowest quintile of labor income.
Net Wealth and psychological distress: net wealth was significantly and inversely
associated with psychological distress scores in both the adjusted OLS and IV OLS regressions.
Adults in net wealth quintiles 3 (𝛽̂ = -0.7, p < 0.001), 4 (𝛽̂ = -1.1, p < 0.001) and 5 (𝛽̂ = -1.1, p <
0.001) had significantly lower psychological distress scores than adults in the lowest quintile of
net wealth. Adjustment for endogeneity and other explanatory variables strengthened these
associations, with adults in quintiles 2 (𝛽̂ = -0.9, p < 0.001), 3 (𝛽̂ = -1.7, p < 0.001), 4 (𝛽̂ = -2.4, p
< 0.001) and 5(𝛽̂ = -3.1, p < 0.001) showing significantly lower psychological distress scores
than those in the lowest quintile of net wealth. Table 3.4 summarizes parameter estimates and
standard errors of economic indicators on psychological distress scores from OLS and IV OLS
regressions.
Economic Indicators and Mental Illness:
Table 3.5 displays the estimated marginal effects at representative values of economic
indicators (family income, labor income and net wealth) on mental illness probabilities from
adjusted probit and IV probit models. All the marginal effects were computed for reference
levels of other explanatory variables (non-obese, non-smoker, non-alcohol user, have no
financial liabilities and does not receive any financial support, have health insurance, and
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exercise more than three times weekly), and at means of the continuous variables (economic
indicators, age, self-rated health and number of children).
Family income and mental illness: In the adjusted probit analyses, adults in higher family
income quintiles 2, 3, 4 and 5 had lower probabilities of mental illness (2.0%, 2.7%, 2.8% and
3.5% respectively) as compared to adults in the lowest quintile. However, after adjusting for
endogeneity between family income and mental health, the relationship became statistically
insignificant. Labor Income and mental illness: In the adjusted probit models, adults in labor
income quintiles 2, 3, 4 and 5 had lower probabilities of mental illness (1.8%, 2.7%, 2.6% and
3.1% respectively) compared to those in the lowest quintile of labor income. However, there was
no relationship between labor income and mental illness after adjusting for endogeneity between
the two. Net Wealth and mental illness: In the adjusted probit and IV probit models, adults in
higher net wealth quintiles - 2, 3, 4 and 5- had lower probabilities of mental illness compared to
adults in the lowest quintile of net wealth.
Increase in economic status and mental health improvement: Psychological Distress:
In the adjusted FD analyses, the transition from lower labor income and net wealth quintile to
upper increased the probability of mental health improvement by 3.5 percentage points (Table
3.6). Mental Illness: However, there was no significant relationship between the transition from
lower economic status to higher and mental illness.
Loss in economic status and decline in mental health: Psychological Distress: In the
adjusted FD analyses, the transition from upper quintiles of family income, labor income and net
wealth quintile to lower quintiles increased the probability of mental health decline by 2.8, 4.5
and 3.0 percentage points respectively. Mental Illness: The transition from higher quintiles of
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labor income and net wealth to lower quintiles significantly increased the probability of mental
illness by 1.2 and 1.5 percentage points respectively (Table 3.6).
Mental health improvement and increase in economic status: Psychological Distress:
In the adjusted FD analyses, improvements in mental health increased the probability of
increases in labor income (2.3 percentage points) and net wealth (2.5 percentage points). Mental
Illness: On the other hand, there were no relationships between mental illness recovery and
economic status.
Mental health decline and loss in economic status: Increases in psychological distress
scores increased the probability of decline in family income, labor income and net wealth by 1.8,
2.9 and 2.0 percentage points respectively (Table 3.7). Furthermore, in the adjusted FD analyses,
Mental Illness onset was associated with increased probability of a decline in labor income (7.2
percentage points) and net wealth (9.7 percentage points).
DISCUSSION
The current study examined the relationships between economic indicators (family
income, labor income, and net wealth) and two mental health measures (mental illness and
psychological distress scores). In adjusted probit models, all economic indicators had
significantly negative relationships with mental illness. Similarly, in the adjusted OLS regression
models, we observed inverse relationships between all economic indicators and psychological
distress scores. However, in the adjusted IV probit models, we observed a significantly negative
relationship only between net wealth and mental illness. Similarly, using the adjusted IV OLS,
we found significant inverse associations only between family income and net wealth and
psychological distress. These findings suggest that studies examining the relationship between
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economic status and mental health need to take into account the endogeneity between these
factors.
Our results also revealed that working-age adults who experienced an economic loss were
more likely to report a mental illness and indicate higher psychological distress. Our findings
support results of the previous studies which indicated that reduction in income or wealth is
associated with increased likelihood of mental illness and psychological distress (15,20).
However, our findings additionally showed that reduction in any economic measure (family
income, labor income or net wealth) is strongly and positively associated with mental illnesses
and psychological distress. A closer examination of our data revealed that 40-50% of adults were
unemployed during the year of the mental illness onset. Further, approximately 50% of our
sample had at least one child, 11-19% had financial liabilities to other family members and 2747% had negative wealth at the year of new onset mental illness. Taken together these findings
suggest that adults in our sample were under financial duress from multiple sources and an
economic shock may have increased the psychological stress.
Our study findings also confirmed the bidirectional relationship between mental health
and economic status. In this sample, adults in the upper quintiles of the economic distribution
were less likely to have mental illnesses relative to those in the lowest quintile, consistent with
prior literature (20,23). In agreement with the results of other published studies (44-47), we also
found that adults who experienced a mental illness were more likely to experience a reduction in
labor income and net wealth, and that a recovery from a mental illness increased the probability
of economic gain.
The study findings have implications for strengthening existing policies and designing
and implementing innovative and more effective economic development policies. Given the
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strong, reciprocal relationships between mental health and economic status confirmed in this
study, policies targeting economic development may benefit from the incorporation of
components addressing mental health issues. In the US, many existing policies and programs,
including disability benefits for those with mental health impairment (48), mandated provision of
mental health benefits by insurers, mental health parity and legislations (49) have specifically
targeted financing and delivery of mental healthcare. However, there are no US policy initiatives
targeting mental health improvement in all sectors of the economy such as those recently
developed by a team of experts from Finland, Iceland, Norway, Portugal, United Kingdom and
other European countries, which referred to as “mental health in all policies” (50). These experts
concluded that social, economic, and physical environments have a significant impact on mental
health and these effects should be considered in the development of all public policies and
programs. This comprehensive initiative further recommended strengthening protective factors
throughout an individual’s life through affordable day-care centers for children, affordable
housing, and return-to-work policies and programs (50). Although the US has disparate policies
(51,52), these policies need to be strengthened and include integrated and cohesive mental health
components.
Our findings also have implications for improving access to mental healthcare and mental
health treatment. Although provision of mental health services has been strengthened by Mental
Health Parity Acts of 1996 and 2008 (53) which ensure equal care for mental health and
substance use disorders in insurance plans, not all adults with poor mental health are insured.
Nearly 1 in 5 working-age adults with severe mental illnesses was uninsured in a nationally
representative sample of US adults (54). In addition, 30.4% of working-age adults with serious
psychological distress were uninsured in the period from 2009-2013 (18).
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Even with insurance coverage, individuals with mental illness can face a high economic
burden in terms of out-of-pocket spending. It has been reported that individuals with mental
disorders have 25% higher out-of-pocket expenditures for the treatment than for treatment of
physical chronic conditions such as heart conditions, cancer, trauma-related disorders, and
asthma (54). Evidence also exists on cost as a barrier to receiving mental health services (55),
which may lead to foregoing mental health care due to high-cost sharing and out-of-pocket
spending burden. Lack of mental health treatment may further worsen the mental illness of
adults, which can lead to further reductions in income. These findings again highlight the need
for “mental health in all policies,” recommended by the experts in the European countries (50).
Our study findings have also implications for healthcare professionals such as social
workers and others who often coordinate care for those with low income and/or mental health
conditions (16). For example, healthcare professionals need to take into account the economic
status of the adults to treat a mental illness episode successfully and to increase the quality of the
mental healthcare (16). Healthcare professionals need also to assess the adult’s educational
accomplishments and occupational progression when tailoring intervention programs that
address mental illnesses.
The current study has several strengths. First, we used a large, nationally representative
sample of working age adults and examined the dynamic, bidirectional relationships between
economic indicators and mental health by tracking changes over a period of 8 years. Second, we
tested the robustness of our findings by evaluating multiple measures of economic status and
mental health and using rigorous, well-established statistical techniques. Third, we controlled for
a comprehensive list of other exogenous explanatory variables including age, self-rated health,
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obesity, smoking status, alcohol use, marital status, number of children under 18 years of age,
health insurance, external financial support, and financial liabilities to others.
However, our study has some limitations. First, information on all the variables is based on
self-reported data, raising the possibility of recall bias. Second, although we employed statistical
techniques to remove the effects of endogeneity due to reverse causality and omitted variables,
we cannot completely eliminate these potential biases. Third, our mental health measures did not
capture certain serious mental health conditions such as schizophrenia, which may affect
employment as well income.
CONCLUSION
Our study findings confirmed strong, bidirectional relationships between economic status and
mental health. These relationships should be considered in the development of programs and
policies designed to improve the mental health and economic well-being of US residents.
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Table 3.1
Weighted Percentages of Selected Characteristics of Working-Age Adults (18-64 Years)
Panel Study of Income Dynamics, 2007-2013, (N=4,867)
2007
2009
2011
2013
Time Invariant Characteristics
(%)
(%)
(%)
(%)
Sex
Women
23.5
Men
76.5
Race/ethnicity
White
71.1
AA
16.7
Latino
9.3
Other
2.9
Time Varying Characteristics
Age in years
18-39 years
40.0
35.4
29.9
25.2
40-49 years
30.5
28.5
27.3
25.9
50-64 years
29.5
36.1
42.9
49.0
Marital Status
Married
52.7
52.9
53.1
52.9
Widowed
1.8
1.9
1.9
2.1
Separated/Divorced
19.2
20.4
21.2
21.9
Never Married
26.4
24.9
23.9
23.1
Education
LE High School
13.7
12.4
12.4
12.3
High School
29.9
27.7
27.7
26.6
Some College
23.9
24.8
24.8
25.2
College, +
32.6
35.1
35.1
35.9
Employment Status
Employed
86.1
80.6
79.1
77.5
Not employed
13.9
19.4
20.9
22.5
Smoking Status
Smoker
23.9
22.9
21.4
19.8
Non-smoker
76.1
77.1
78.6
80.2
Alcohol Use
Yes
69.4
70.3
71.3
69.3
No
30.6
29.7
28.7
30.7
Body Mass Index Categories
Under weight
1.0
0.7
0.9
0.9
Normal
27.2
25.3
25.3
23.9
Over-weight
41.5
41.0
41.4
41.8
Obese
30.3
32.9
32.5
33.4
Light Physical Activity
GE 3 times/week
57.6
58.0
58.0
57.7
LT 3 times/week
42.4
42.0
42.0
42.3
Heavy Physical Activity
GE 3 times/week
43.1
43.7
44.6
42.7
LT 3 times/week
57.0
56.3
55.5
57.3
Continued
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Table 3.1
Weighted Percentages of Selected Characteristics of Working-Age Adults (18-64 Years)
Panel Study of Income Dynamics, 2007-2013, (N=4,867)
2007
2009
2011
2013
Self-rated Health
Excellent
22.8
18.9
16.7
Very Good
36.9
35.9
37.5
Good
27.8
31.1
29.9
Fair
9.9
11.2
12.4
Poor
2.7
2.9
3.6
Metro Status
Metro
76.3
76.3
76.1
Urban
20.7
20.6
20.8
Rural
3.1
3.1
3.2
Region of Residence
Northeast
18.3
18.2
18.1
North central
26.5
26.3
26.2
South
32.6
33.0
33.3
West
21.8
21.8
21.9
Alaska, Hawaii
0.2
0.1
0.1
Other
0.5
0.6
0.4

16.6
34.7
31.9
12.6
4.2
75.8
21.1
3.1
18.0
26.3
33.5
21.6
0.2
0.5

Note: Based on 4,867 head of household participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 2007 and 2013.
GE: Greater than or equal to; LE: Less than or equal to; LT: Less than.
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Table 3.2
Mean and Standard Errors (SE) of Economic Indicators
Working-Age Adults (18-64 Years)
Panel Study of Income Dynamics, panels 2007-2013, (N=4,867)
2007
2009
2011

2013

Family Income

90,691 (1,965)

90,215 (1,876)

87,688 (1,944)

89,977 (2,476)

Ln Family Income

10.93 (0.025)

10.93 (0.028)

10.91 (0.023)

10.87 (0.029)

Labor Income

59,177 (1,587)

58,599 (1,512)

55,354 (1,460)

57,091 (2,240)

9.77 (0.06)

9.69 (0.063)

9.26 (0.071)

9.07 (0.076)

323,138 (27,704)

281,938 (18,548)

269,312 (18,406)

280,750 (17,700)

9.4 (0.09)

8.90 (0.09)

8.83 (0.09)

9.01 (0.09)

Ln Labor Income

Net Wealth

Ln Net Wealth

Note: Based on 4,867 head of household participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 2007 and 2013.
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Table 3.3
Mental Illness and Psychological Distress Descriptive Statistics
Working-Age Adults (18-64 Years)
Panel Study of Income Dynamics, 2007-2013, (N=4,867)
2007
2009
2011
Mental Illness (Wt.%)
Yes
4.5
4.2
3.6
No
95.5
95.8
96.4
3.219
3.366
3.182
Psychological Distress
(0.076)
(0.075)
(0.074)
Score (Wt. Mean, SE)
Psychological Distress by Family Income Quintiles (Wt. Mean, SE)
5.252
5.628
5.300
Quintile 1
(0.274)
(0.261)
(0.253)
3.668
3.729
3.505
Quintile 2
(0.188)
(0.185)
(0.181)
3.254 (
3.170
2.879
Quintile 3
0.158)
(0.139)
(0.147)
2.494
2.721
2.681
Quintile 4
(0.116)
(0.131)
(0.130)
2.095
2.183
2.112
Quintile 5
(0.095)
(0.089)
(0.091)
Psychological Distress by Labor Income Quintiles (Wt. Mean, SE)
5.343
5.457
5.092
Quintile 1
(0.280)
(0.252)
(0.253)
3.588
3.954
3.669
Quintile 2
(0.172)
(0.185)
(0.180)
2.867
2.927
2.806
Quintile 3
(0.148)
(0.149)
(0.135)
2.859 (
2.718
2.506
Quintile 4
0.140)
(0.125)
(0.125)
2.126
2.325
2.320
Quintile 5
(0.093)
(0.099)
(0.105)
Psychological Distress by Net Wealth Quintiles (Wt. Mean, SE)
4.671
4.708
4.236
Quintile 1
(0.235)
(0.212)
(0.205)
3.941
4.370
4.306
Quintile 2
(0.206)
(0.222)
(0.226)
3.443
3.587
3.180
Quintile 3
(0.188)
(0.185)
(0.160)
2.554
2.628
2.505
Quintile 4
(0.129)
(0.132)
(0.127)
2.245
2.316
2.277
Quintile 5
(0.107)
(0.099)
(0.108)

2013
4.1
95.9
3.165
(0.076)
5.324
(0.265)
3.664
(0.185)
2.810
(0.143)
2.469
(0.121)
2.091
(0.093)
4.822
(0.242)
3.628
(0.198)
2.948
(0.152)
2.665
(0.127)
2.166
(0.104)
4.220
(0.224)
4.222
(0.222)
3.354
(0.178)
2.624
(0.134)
2.094
(0.098)

Note: Based on 4,867 head of household participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 2007 and 2013. Wt: weighted
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Table 3.4
Parameter Estimates and Standard Errors of Economic Indicators on Psychological Distress
Working-Age Adults (18-64 Years)
Panel Study of Income Dynamics, 2007-2013, (N=4,867)
OLS
IVOLS
(Adjusted)
(Adjusted)
Family Income
Reference
Quintile 1
-1.200***
-2.011***
Quintile 2
(0.197)
(0.465)
-1.608***
-2.924***
Quintile 3
(0.198)
(0.700)
-1.727***
-3.522***
Quintile 4
(0.197)
(0.942)
-1.849***
-4.445***
Quintile 5
(0.192)
(1.331)
Labor Income
Reference
Quintile 1
-0.866***
-1.389*
Quintile 2
(0.196)
(0.664)
-1.405***
-2.243*
Quintile 3
(0.183)
(1.030)
-1.412***
-2.565
Quintile 4
(0.184)
(1.393)
-1.446***
-3.122
Quintile 5
(0.178)
(2.023)
Net Wealth
Reference
Quintile 1
-0.300
-0.917**
Quintile 2
(0.166)
(0.314)
-0.701***
-1.676***
Quintile 3
(0.162)
(0.463)
-1.099***
-2.447***
Quintile 4
(0.154)
(0.611)
-1.056***
-3.069***
Quintile 5
(0.157)
(0.872)

Note: Based on 4,867 head of household participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 2007 and 2013.
*** p < .001; **.001 ≤ p < .01; *.01 ≤ p < .05.
IV: Instrumental Variable.
OLS and IV OLS adjusted for age, self-rated health, obesity, smoking status, alcohol use, marital status,
number of children under 18 years of age, health insurance, external financial support, and financial
liabilities to others.
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Table 3.5
Estimated Marginal effects of Economic Indicators on Mental Illness Probabilities
Working-Age Adults (18-64 Years)
Panel Study of Income Dynamics, 2007-2013, (N=4,867)
Probit
IV Probit
(Adjusted
(Adjusted)
Family Income
Reference
Quintile 1
-0.020**
-0.081
Quintile 2
(0.007)
(0.052)
-0.027***
-0.105
Quintile 3
(0.010)
(0.065)
-0.028***
-0.113
Quintile 4
(0.007)
(0.071)
-0.035***
-0.125
Quintile 5
(0.007)
(0.073)
Labor Income
Reference
Quintile 1
-0.018**
-0.083
Quintile 2
(0.006)
(0.054)
-0.027***
-0.109
Quintile 3
(0.006)
(0.068)
-0.026***
-0.117
Quintile 4
(0.006)
(0.074)
-0.031***
-0.128
Quintile 5
(0.007)
(0.077)
Net Wealth
Reference
Quintile 1
-0.008
-0.196**
Quintile 2
(0.006)
(0.064)
-0.018**
-0.283**
Quintile 3
(0.006)
(0.096)
-0.027***
-0.332**
Quintile 4
(0.007)
(0.115)
-0.028***
-0.355**
Quintile 5
(0.007)
(0.124)

Note: Based on 4,867 head of household participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 2007 and 2013.
*** p < .001; **.001 ≤ p < .01; *.01 ≤ p < .05.
IV: Instrumental Variable.
Probit and IV probit adjusted with age, self-rated health, obesity, smoking status, alcohol use, marital
status, number of children under 18 years of age, health insurance, external financial support, and
financial liabilities to others
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Table 3.6
Changes in Economic Status (Gain and Loss) and Changes in Mental Health (Improvement and Decline)
Working-Age Adults (18-64 Years)
The Panel Study of Income Dynamics, 2007-2013, (N=4,867)
Mental Illness
Psychological Distress
Gain in Economic Status and Improvement in Mental Health
FD
FD
(Adjusted)
(Adjusted)
-0.005
0.008
Change in Family Income Quintile
(0.004)
(0.014)
-0.007
0.0353*
Change in Labor Income Quintile
(0.004)
(0.0137)
0.005
0.0352**
Change in Net Wealth Quintile
(0.005)
(0.0136)
Loss in Economic Status and Decline in Mental Health
FD
FD
(Adjusted)
(Adjusted)
0.028*
0.001
Change in Family Income Quintile
(0.004)
(0.014)
0.045**
0.012*
Change in Labor Income Quintile
(0.005)
(0.014)
0.030*
0.015**
Change in Net Wealth Quintile
(0.005)
(0.014)

Note: Based on 4,867 head of household participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 2007 and 2013.
*** p < .001; **.001 ≤ p < .01; *.01 ≤ p < .05.
Decline in mental health: 1) Mental illness onset: A binary indicator variable with the value of 1
representing mental illness onset and zero representing no change in mental illness or recovery. 2)
Increase in psychological distress: A binary indicator variable with the value of 1 representing an increase
in psychological distress scores from one wave to the next and zero representing no change or decreases
in psychological distress scores from one wave to the next.
Mental health Improvement: 1) Mental illness recovery: A binary indicator variable with the value of 1
representing recovery from mental illness and zero representing no change in the mental illness status or
onset of mental illness. 2) Decrease in psychological distress: A binary indicator variable with the value
of 1 representing decline in psychological distress scores from one wave to the next and zero representing
no change or increase in psychological distress scores from one wave to the next.
Economic Gain: The transition from lower quintile to upper quintile.
Economic Loss: The transition from upper quintile to lower quintile.
In FD model, the outcome is mental health improvement (or decline) and the key endogenous variable is
economic gain (or loss). FD adjusted for one-period changes in age, self-rated health, obesity, smoking
status, alcohol use, marital status, number of children under 18 years of age, health insurance, external
financial support, and financial liabilities to others.
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Table 3.7
Changes in Mental Health (Decline or Improvement) and Changes in Economic Status (Gain or Loss)
Working-Age Adults (18-64 Years)
The Panel Study of Income Dynamics, 2007-2013, (N=4,867)
Family Income
Labor Income
Net Wealth
Improvement in Mental Health and Gain in Economic Status
-0.029
-0.044
0.035
(0.025)
(0.023)
(0.030)
Mental Illness
0.005
0.023*
0.025**
Psychological
(0.009)
(0.009)
(0.009)
Distress
Decline in Mental Health and Loss in Economic Status
0.009
0.073*
0.097**
(0.029)
(0.031)
(0.032)
Mental Illness
0.018*
0.029**
0.020*
Psychological
(0.009)
(0.009)
(0.009)
Distress

Note: Based on 4,867 head of household participants of the Panel Study of Income Dynamics
and for whom data were available for all years between 2007 and 2013.
*** p < .001; **.001 ≤ p < .01; *.01 ≤ p < .05.
Decline in mental health: 1) Mental illness onset: A binary indicator variable with the value of
1 representing mental illness onset and zero representing no change in mental illness or recovery.
2) Increase in psychological distress: A binary indicator variable with the value of 1 representing
an increase in psychological distress scores from one wave to the next and zero representing no
change or decreases in psychological distress scores from one wave to the next.
Mental health Improvement: 1) Mental illness recovery: A binary indicator variable with the
value of 1 representing recovery from mental illness and zero representing no change in the
mental illness status or onset of mental illness. 2) Decrease in psychological distress: A binary
indicator variable with the value of 1 representing decline in psychological distress scores from
one wave to the next and zero representing no change or increase in psychological distress scores
from one wave to the next.
Economic Gain: The transition from lower quintile to upper quintile.
Economic Loss: The transition from upper quintile to lower quintile.
In FD model, the outcome is economic gain (or loss) and the key endogenous variable is mental
health improvement (or decline). FD adjusted for one-period changes in age, self-rated health,
obesity, smoking status, alcohol use, marital status, number of children under 18 years of age,
health insurance, external financial support, and financial liabilities to others.
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Chapter 4
Heterogeneous relationships between Labor Income and Health by Race/Ethnicity
ABSTRACT
We examined the race-stratified relationships between labor income and measures
of physical and mental health by following working-age adults up to 14 years using longitudinal
data from the Panel study of Income Dynamics (PSID). System-Generalized Method of Moment
and heteroscedasticity-based instrument regressions were used to examine the relationships
between labor income and physical and mental health measures respectively. First-difference and
lagged fixed effects models were used to examine the effect of loss in income on physical and
mental health. We found that adults in higher labor income quartiles had better self-rated health
(SRH) than those in the lowest quartile regardless of racial group. However, the relationship
between labor income and psychological distress varied by race group; whites and African
Americans in higher labor income quartiles had lower psychological distress scores than their
counterparts in the lowest quartile. This was not the case with Hispanics. Reductions in labor
income were associated with increases in psychological distress among whites only. These
findings suggest heterogeneous relationships between labor income and physical and mental
health across racial groups. Our results highlight the need for policies to provide safety nets for
adults who experience a decline in income to prevent further deterioration in health. Our results
also suggest that economic stability plays an important role in an individuals’ physical and
mental health.

82

INTRODUCTION
The relationship between economic status and health has been documented in the previous
literature (1-12). Economic, sociological and epidemiological studies have indicated that higher
economic status is associated with better physical (1-4,8,9) and mental health (10-12).
Specifically, family and labor income and net wealth were found to be positively associated with
physical health (self-rated health and functioning) (1,4,9,13) and negatively associated with
psychological distress and disorders (10-12,14). Findings from some studies suggest the
relationship between economic status and health may vary by age, sex and race (8,9,15).
However, investigations regarding the potential relationships between economic status and
health within racial groups in the United States (US) are scarce. Understanding how the relation
between health and economic well-being may vary by racial/ethnic group is essential for
effective policy development and program planning, and may ultimately help better address
disparities in both health and economic status in the US.
There are well-documented differences in financial capital, health capital and human capital
among races in the US (16-19) because of the long history of racial discrimination, differential
effect of poverty on health between whites and racial minorities (16-19). Certain racial/ethnic
minorities, including African Americans and Hispanics, have low levels of human capital
(education), health capital (poor health) and financial capital (economic resources) as compared
to Non-Hispanic whites (16-19). In general, the limited financial capital can lead to poor health.
However, the relationship between economic status and health outcomes within racial groups is
inconsistent. For example, there is some evidence that the association of low income to chronic
conditions is stronger among non-Hispanic white adults than among other racial/ethnic groups
(20). Furthermore, Hispanics with low income generally report better mental and physical health
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than expected, which is referred to as the “Hispanic paradox” (21-23). Similarly, African
Americans report better mental health than non-Hispanic whites in the same economic strata
(24), often referred to as the “racial paradox of mental health”. Several cross-sectional studies
has reported differences in the relationships between economic indicators and health across
different racial groups (11,15,25,26). A large, population-based cross-sectional study in the US
observed a strong association between income and health among white and African American
adults but a weak relationship among Hispanics (26). Pollack et al. used two cross-sectional
samples from the Survey of Consumer Finances (25–64 years) and the Health and Retirement
Survey (50 years and older) to assess the relationship between net wealth and self-rated health
(15). Pollack et al. reported that higher net wealth was associated with better health among
African Americans and whites, no such relationship was observed among Hispanics (15).
However, longitudinal studies are lacking, and to our knowledge, no systematic and rigorous
investigation of the potential racial/ethnic variation in the relationship between economic
indicators and health has yet been conducted. To help address this gap, the current study
evaluates the relationship between labor income and two measures of physical and mental health,
with analyses stratified by racial/ethnic groups. We also examine the effects of loss in labor
income on mental and physical health by race/ethnicity. Because labor income is more sensitive
to economic shocks (e.g. great recession of 2007-2009) (27), the current study focuses on labor
income among working-age adults (18-64 years).
CONCEPTUAL FRAMEWORK
Various economic frameworks and psychosocial theories have been proposed to explain
the link between economic status and health. From a health economics point of view, all
individuals are born with a fixed health capital stock (health capital), which declines with age
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because of biological processes (28). According to Grossman, the health of an individual can be
improved by investing in education (human capital) because educated individuals are more likely
to improve their healthcare (29). Grossman further posits that individuals with lower human and
financial capital may be more likely to suffer earlier and more rapid declines in health, and to
have poorer health at any given point in time than those with higher human and financial capital.
In the field of sociology, social causation and social selection have been proposed to explain the
link between economic status and health (30). Social causation theory assumes that economic
status is a causal determinant of health, positing that experiencing an economic shock increases
the risk of health decline (30). On the other hand, social selection theory assumes that health is a
causal determinant of economic status, positing that environmental and genetic factors contribute
to the health decline, which, in turn, leads to a decrease in economic resources (30). In the
current study, we investigate economic status as a potential causal determinant of health.
METHODS
Data Sources: PSID: The PSID is a longitudinal study of US population which started in
1968 with a national probability sample of US families (31-33). Currently, the individuals in any
panel come from one of three sources: the original 1968 sample; the 1997 refresher sample of
post-1968 immigrants; and births and marriages in existing families (31-33). In this study, both
family and cross-year individual files were combined to derive information on households. The
PSID has been including questions regarding self-rated health since 1984 and diagnosed chronic
health conditions since 1999. Additional items regarding information on psychological distress
and specific psychological illnesses were added beginning in 2005.
Study Design: The study utilized a retrospective observational longitudinal design with
repeated measures of labor income and health measures. To examine the relationship between
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labor income and self-rated health, a sample of heads of households was followed for a period of
14 years (1991-2013) using eight waves of the PSID. Further, another sample of household heads
was followed for a period of 6 years (2007-2013) using 4 waves of the PSID to examine the
relationship between labor income and psychological distress.
Study Sample: Two samples were used for the purpose of the current study. The first
sample comprised heads of households who participated in all the 8 waves of the PSID from
1999 through 2013 and who were aged between 18-50 years in 1999 (N = 2,693). These waves
were selected due to the availability of information on self-rated health and chronic conditions.
The second sample comprised heads of households who participated in all the 4 waves of the
PSID from 2007 through 2013 and who were aged between 18-58 years in 2007 (N = 4,867). We
selected the 4 waves because psychological distress and mental health measures were
continuously available only in these four waves.
Measures
Health Measures:
Self-rated health (SRH): PSID queried each respondent regarding their perceived health
(“would you say your health in general is excellent, very good, good, fair, or poor?”) The
responses to the question were scored on a scale of 1 to 5, with higher scores representing better
health (5 = excellent, 4 = very good, 3 = good, 2 = fair, and 1 = poor). Ware and colleagues
transformed the SRH to a 0-100 scale using a linear relationship between item scores and the
underlying health concept (34).
Psychological Distress: Psychological distress was measured using the Kessler-6 NonSpecific Psychological Distress Scale (35); this scale includes 6 items: “In the past 30 days,
about how often did you feel: (1) so sad nothing could cheer you up? (2) nervous? (3) restless or
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fidgety? (4) hopeless? (5) that everything was an effort? (6) worthless?” Responses to these six
questions are scored on a scale of 1 to 5 as follows 5=all of the time, 4=most of the time, 3=some
of the time, 2=a little of the time, and 1=none of the time. In the current study, the summary
score from the Kessler-6 scale was used to measure psychological distress.
Change in Health Measures: SRH: a) Increases in SRH: A binary indicator variable
with the value of 1 representing improvements in SRH from one wave to the next and zero
representing no change or a decline in SRH scores from one wave to the next. b) Decreases in
SRH: A binary indicator variable with the value of 1 representing declines in SRH from one
wave to the next and zero representing no change in SRH or an increase in SRH scores from one
wave to the next. Psychological distress: a) Increases in psychological distress: A binary
indicator variable with the value of 1 representing increases in psychological distress scores from
one wave to the next and zero representing no change or declines in psychological distress scores
from one wave to the next. b) Decreases in psychological distress: A binary indicator variable
with the value of 1 representing improvements in mental health (i.e. a decline in psychological
distress scores from one wave to the next) and zero representing no change or increases in
psychological distress scores from one wave to the next.
Labor Income: We measured labor income of the head of the household. Labor income
included all money earned from wages and salaries, bonuses, overtime, tips, commissions,
professional practice or any job-related income including farm or business income. In the current
study, we categorized labor income into quartiles based on the distribution of this variable in
each wave.
Other Exogenous Explanatory variables: included demographic, lifestyle, and other
factors shown in prior studies to be associated with mental and physical health (36-38). For each
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head of the household, we measured the following health practices variables in each wave:
number of chronic conditions categories (no condition, one condition, >= 2 chronic conditions);
body mass index (BMI) (kg/m2) (underweight [<18.5], normal [18.5 – 24.9], overweight [25.0 29.9], or obese [≥30.0]); smoking status (smoker, not a smoker); and alcohol use (user, nonuser). Also considered in the analyses were other factors potentially affecting economic status
including age, marital status (married, widowed, separated or divorced, and never married),
number of children under 18 years of age, health insurance, external financial support, and
financial liabilities to others.
STATISTICAL ANALYSES
Arellano-Bond generalized method of moments (GMM) estimator (39): Under the
Arellano and Bond approach, lags of SRH are used as instruments to address the endogeneity
between economic indicators and SRH. Nevertheless, weak instruments problem may occur in
the Arellano-Bond approach because lagged values of the endogenous variables may be weakly
correlated with the regressors in the first-difference model. Thus, Blundell and Bond proposed a
system-GMM estimator (40). System-GMM estimator uses lagged differences as instruments for
the level model and lagged levels as instruments for the first-difference model. Economic status
is considered as a predetermined variable and all the feasible lags of economic status and health
measures (t-1 and thereafter) are used as instrumental variables. However, we found that using
only four lags of health measures as IVs increased the efficiency of the models (Based on the
second order autocorrelation test and the Hansen J statistics on overidentifying restrictions).
Further, we found that adjusting for three SRH lags increases the efficiency of system-GMM
models. We also applied finite sample correction to the robust two-step covariance matrix
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calculated for system-GMM estimator to reduce over-identification caused by too many IVs
(41).
Lewbel (2012) estimator using heteroskedastic errors as valid instruments (42,43):
The main advantage of this technique is its ability to produce valid estimators where external
instruments are unavailable or potentially weak. Due to the absence of suitable instruments, we
used the Lewbel (42,43) method to examine the association between labor income and
psychological distress. This method generates external instruments which are associated with the
endogenous variable, but not with the exogenous variables.
The effect of economic loss on health decline and economic gain on health
improvement: First-difference and Lagged-fixed effect estimators were used to examine the
dynamic relationships between economic loss and decline in health as well as economic gain and
health improvement. All analyses were weighted using 2013 longitudinal weights provided by
the PSID.
RESULTS
Characteristics of the study samples:
The first sample including data from waves 1999 to 2013 was used to examine the
relationship between labor income and SRH. The sample consisted of 2,693 heads of households,
who were between age 18 and 50 in 1999. Table 4.1 displays the weighted percentages of
selected characteristics of the first sample in 1999. Participants were predominantly men (81.5%)
and non-Hispanic white (75.1%); 13.2% of participants were African Americans and 7.8% were
Hispanics. Education level showed considerable variation by race/ethnicity, with 36.9% of nonHispanic white adults indicated a college degree vs. 15.4% of African American and 11.1% of
Hispanic participants.
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Data from the second sample (waves 2007 to 2013) were used to examine the relationship
between labor income and psychological distress scores. Table 4.2 presents the weighted
percentages of selected characteristics of the second sample in 2007. The sample comprised
4,867 heads of households aged 18 to 58 as of 2007. Again, participants in this sample were
predominantly men (76.5 %) and non-Hispanic white (77.1%). Seventeen percent were African
Americans and 9.3% were Hispanics. The vast majority of whites (72.6%), African Americans
(83.3%) and Hispanics (87.7%) lived in a metropolitan area.
Labor income and health measures over time:
Figure 4.1 presents the means of labor income of the heads of households by race and
quartiles across the waves. White adults in the highest quartile had more averages values than
African Americans and Hispanics in the highest quartile across the waves. Whites, African
Americans and Hispanics in labor income quartiles 2, 3 and 4 had comparable averages values
across the waves. There were fluctuations in the averages values across the waves for all racial
groups. Figure 4.2 displays the means of SRH and psychological distress by race across the
waves. Non-Hispanic white adults averaged higher SRH scores than did African Americans and
Hispanics across all waves, although, mean SRH deteriorated over time in all racial/ethnic
groups. White and African American adults averaged greater psychological distress than did
Hispanic participants, although, psychological distress scores increased over time in the latter
group.
The relationship between labor income and SRH by race:
Table 4.3 presents the parameter estimates and standard errors of labor income on SRH
from system-GMM by race. In system-GMM, there was a significant relationship between labor
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income quartiles and SRH across the racial groups. White adults in labor income quartiles 2 (𝛽̂ =
4.869, p < 0.001), 3 (𝛽̂ = 3.541, p < 0.001) and 4 (𝛽̂ = 4.120, p < 0.001) had significantly better
SRH than white adults in the lowest quartile. Similarly, African Americans in labor income
quartiles 2 (𝛽̂ = 3.687, p < 0.001), 3 (𝛽̂ = 4.499, p < 0.001) and 4 (𝛽̂ = 4.089, p < 0.001) had
significantly better SRH than those in the lowest quartile. Hispanics in labor income quartiles 2
(𝛽̂ = 6.306, p < 0.001), 3 (𝛽̂ = 4.145, p < 0.01) and 4 (𝛽̂ = 8.283, p < 0.001) had significantly better
SRH than those in the lowest quartile.
The relationship between labor income and psychological distress scores by race:
Table 4.3 displays the parameter estimates and standard errors of labor income
psychological distress scores from adjusted heteroscedasticity-based instruments regressions.
After adjustment for the endogeneity, white adults in labor income quartiles 2 (𝛽̂ = -1.494, p <
0.001), 3 (𝛽̂ = -1.457, p < 0.001) and 4 (𝛽̂ = -1.646, p < 0.01) had significantly lower scores than
those in the lowest quartile. Similarly, African American adults in labor income quartiles 2 (𝛽̂ = 1.708, p < 0.01), 3 (𝛽̂ = -2.538, p < 0.001) and 4 (𝛽̂ = -2.604, p < 0.001) had significantly lower
psychological distress scores than those in the lowest quartile. Conversely, there was no
relationship between labor income quartiles and psychological distress scores among Hispanics.
Changes in labor income and changes in SRH by race:
Increases in labor income and SRH by race: Increases in labor income were not associated with
SRH improvement among Non-Hispanic white, African American or Hispanic participants in
adjusted FD analyses. Loss in labor income and SRH by race: In the adjusted FD analyses, the
transition from a higher labor income quartile to a lower was associated with a 3.4 percentage
point increase in the probability of SRH improvement among whites. Similarly, the transition
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from a higher labor income quartile to a lower had a negative impact on SRH among white (𝛽̂ = 1.394, p < 0.05) and African American adults (𝛽̂ = -4.542, p < 0.05).
Changes in labor income and changes in psychological distress scores by race:
Increases in labor income and psychological distress decreases by race: Adjusted FD analyses
revealed that gains in labor income were associated with a significantly with a 4.5 percentage
point increase in the probability of mental health improvement (as measured by decline in
psychological distress scores) among whites, but not African American or Hispanic adults (Table
4.4). Conversely, lagged fixed effects analyses indicated no association between increases in
labor income and psychological distress scores. Loss in labor income and psychological distress
increases by race: In the adjusted FD analyses, the transition from an upper labor income
quartile to a lower quartile was associated with a 4.3 percentage point increase in the probability
of increases in psychological distress scores among white adults. In lagged fixed effects
analyses, the transition from an upper labor income quartile to a lower quartile was associated
with increases in psychological distress scores (𝛽̂ = 0.455, p < 0.01) among white adults.
DISCUSSION
We examined the relationships between labor income and two measures of health,
stratified by race. Findings of this study suggest that labor income is strongly and positively
associated with SRH in both white and African American adults. In these two racial groups,
those who experienced a decline in labor income was significantly associated with a decline in
SRH. This strong relationship between low labor income and ill health indicate that economic
stability may play an important role in individual health.
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Collectively, the findings of this study support a need for policies that provide safety nets
for adults experiencing income loss in order to prevent further deterioration in health. Our results
also highlight the need for initiatives that improve individual health by incorporating health
considerations into decision-making across all policy areas, referred to as “Health in All
Policies” (44). Health in All Policies was developed by the public health facilitators of the
California Health in All Policies Task Force (44). Under this approach re-shaping individuals’
economic, physical, social, and service environments can help improving health (44). Our results
revealed also that the economic stability plays an important role in individuals’ health. Our
results revealed a strong relationship between low labor income and ill health. However, the
studies on the effect of income supplementation and state funded welfare programs are limited
(45,46). Clearly, further research on the effect of income supplementation programs on health
outcome is warranted.
Among Hispanic participants, we found a significant positive relationship between labor
income and SRH. However, Hispanics who experienced a decline in income did not show a
corresponding decline in SRH. We also found that there was no relationship between labor
income and psychological distress and no relationship between change in labor income and
change in mental health among Hispanics. These findings may in part reflect baseline differences
in overall mental health. In this study, Hispanic adults had lower psychological distress scores
than whites or African Americans at all time points. Collectively, our results suggest the
relationships of labor income to both physical and mental health are heterogeneous across
racial/ethnic groups.
Although we did not control for social capital factors such as network of friends and
families and religious affiliations, our findings appear consistent with prior literature supporting
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the “Hispanic Health Paradox”. The Hispanic health paradox refers to the repeatedly documented
observation that Hispanics living in the US have better health than expected given their high
prevalence of poverty, poor education and lack of access to healthcare (47). For example,
although Hispanics were more likely to have lower education and income than whites (47). A
study by Dominguez et al. using four national data sets revealed that Hispanic adults have lower
all-cause death rate and lower death rates for nine of the 15 leading causes of death in the US,
although, they were more likely to have lower income and be more poorly educated than white
adults (44). This apparent paradox may in part reflect certain protective factors characterizing
Hispanic communities. For example, foreign-born immigrants are reported to have better mental
health due to social support and family ties (23).
After adjustment for the endogeneity between labor income and psychological distress,
we observed that whites who experienced a decline in labor income also experienced a decline in
mental health. This was not the case with African Americans. These findings may be indicative
of the “race mental health paradox”. Race mental health paradox refers to the paradoxical
observation of better mental health outcomes among African Americans compared to whites (24)
despite being at high risk due to exposure to violence, poor educational outcomes, persistent
poverty and discrimination (48). Again, this paradox may reflect certain protective factors
typifying black communities, including higher social capital and better developed social
networks (48).
The current study has several strengths, including the prospective, population-based design and
relatively large sample size. To our knowledge, the current study is the first longitudinal study to
examine the relationship between change in labor income and change in health status, and the
first to investigate the potential variation in these relationships by race/ethnicity. The present
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study is also the first to investigate the effect of loss in labor income on SRH and psychological
distress. We also employed a rigorous novel econometric approaches to address the endogeneity
between labor income and health measures. In this study, we were able to control for multiple
potential confounders, including demographic, socioeconomic, lifestyle, and health-related
factors.
However, this investigation also has some limitations. First, our analyses were restricted
to heads of households. Thus, our estimates may not be generalizable to other demographic
groups under-represented in this sample, including married women. Second, we did not include
time-invariant factors such as sex because inclusion of these factors contradict the specifications
of the dynamic panel models. Third, neither SRH nor psychological distress can capture all
domains of physical and mental health.
CONCLUSION
Findings of this cohort study suggest relationships between labor income and physical
and mental health are heterogeneous across racial/ethnic groups. Additional rigorous prospective
studies are needed to confirm these findings and to further investigate the effects of the social
factors. Our results highlight the need for policies to provide safety nets for adults who
experience a decline in income to prevent further deterioration in health. Our results also
revealed that economic stability plays an important role in individuals’ health.
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Table 4.1
Weighted Percentages of Selected Characteristics of Working-Age Adults
(18-64 Years)
Panel Study of Income Dynamics, 1999, (N=2,693)
African
White
Hispanic
American
75.1
13.2
7.8
All (%)
Age in years
18-39 years
50.6
58.4
61.1
40-49 years
43.6
39.6
34.9
50-64 years
5.8
2.0
4.0
Marital Status
Married
64.9
25.8
67.3
Widowed
0.9
2.2
0.6
Separated/Divorced
14.8
24.2
17.9
Never Married
19.5
47.9
14.2
Education
LE High School
9.7
21.2
60.4
High School
28.7
36.3
14.0
Some College
24.7
26.1
14.6
College, +
36.9
16.4
11.1
Employment Status
Employed
92.3
82.8
91.0
Not employed
7.7
17.2
9.0
Smoking Status
Smoker
24.3
27.9
19.0
Non-smoker
75.7
72.1
81.0
Alcohol Use
Yes
73.1
55.2
62.2
No
26.9
44.8
37.8
Body Mass Index Categories
Under weight
0.7
0.5
0.5
Normal
33.8
29.1
30.4
Over-weight
43.5
34.2
47.1
Obese
22.0
36.2
22.0
Light Physical Activity
GE 3 times/week
65.8
61
61.8
LT 3 times/week
34.2
39
38.2
Heavy Physical Activity
GE 3 times/week
34.3
25.5
25.7
LT 3 times/week
65.7
74.5
74.3
Chronic Physical Conditions
No Conditions
69.2
65.3
83.1
One condition
21.3
25.2
13.7
GE 2 conditions
9.4
9.5
3.2
Metro Status
Metro
73.5
81.4
88.7
Urban
22.9
17.4
10.0
Rural
3.6
1.2
1.3
Continued
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Table 4.1
Weighted Percentages of Selected Characteristics of Working-Age Adults
(18-64 Years)
Panel Study of Income Dynamics, 1999, (N=2,693)
African
White
Hispanic
American
Region of Residence
Northeast
21.2
15.5
4.0
North central
30.4
19.8
9.9
South
26.2
58.4
24.6
West
21.2
6.1
59.9
Alaska, Hawaii
0.4
0.0
0.0
Other
0.6
0.3
1.7

Note: Based on 2,693 head of household participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 1999 and 2013.
Whites: 1,576; African Americans: 848; Hispanics: 155.
GE: Greater than or equal to; LE: Less than or equal to; LT: Less than.
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Table 4.2
Weighted Percentages of Selected Characteristics of WorkingAge Adults (18-64 Years)
Panel Study of Income Dynamics, 2007-2013, (N=4,867)
African
White
Hispanic
American
71.1
16.7
9.3
All (%)
Age in years
18-39 years
39.4
43.4
41.7
40-49 years
29.1
32.4
38.0
50-64 years
31.5
24.2
20.3
Marital Status
Married
57.9
22.8
62.7
Widowed
1.7
2.5
1.3
Separated/Divorced
18.0
26.3
18.3
Never Married
22.4
48.4
17.7
Education
LE High School
9.0
18.0
43.0
High School
29.0
37.0
26.0
Some College
25.0
27.0
16.0
College, +
37.0
17.0
15.0
Employment Status
Employed
88.4
71.7
92.0
Not employed
11.6
28.3
8.0
Smoking Status
Smoker
24.3
26.5
17.4
Non-smoker
75.7
73.5
82.6
Alcohol Use
Yes
74.4
58.7
50.8
No
25.6
41.4
49.2
Body Mass Index
Categories
Under weight
0.9
1.1
1.3
Normal
28.2
24.2
19.8
Over-weight
42.7
34.8
45.5
Obese
28.2
40.0
33.4
Light Physical Activity
GE 3 times/week
62.3
49.1
38.4
LT 3 times/week
37.7
50.9
61.6
Heavy Physical Activity
GE 3 times/week
46.9
34.0
38.0
LT 3 times/week
54.0
66.0
62.0
Chronic Physical
Conditions
No Conditions
54.5
50.9
69.5
One condition
27.6
26.8
19.7
GE 2 conditions
17.9
22.3
10.8
Metro Status
Metro
72.6
83.3
87.7
Urban
23.4
15.5
12.1
Rural
4.0
1.2
0.2
Continued
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Table 4.2
Weighted Percentages of Selected Characteristics of WorkingAge Adults (18-64 Years)
Panel Study of Income Dynamics, 2007-2013, (N=4,867)
Region of Residence
Northeast
20.8
14.3
5.4
North central
30.5
21.9
8.3
South
28.0
56.5
29.0
West
20.1
7.3
55.2
Alaska, Hawaii
0.2
0.0
0.2
Other
0.5
0.0
1.9

Note: Based on 4,867 head of household participants of the Panel Study of Income Dynamics and for
whom data were available for all years between 2007 and 2013.
Whites: 2,568; African Americans: 1,782; Hispanics: 375.
GE: Greater than or equal to; LE: Less than or equal to; LT: Less than.
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Figure 4.1 Mean Labor Income by Quartiles
Sample 1, 1999-2013

Sample 2, 2007-2013

Note: Sample 1 is based on 2,693 head of household participants of the Panel Study of Income Dynamics
and for whom data were available for all years between 1999 and 2013.
White: 1,576; African Americans: 848; Hispanics: 155.
Sample 2 is based on 4,867 head of household participants of the Panel Study of Income Dynamics and
for whom data were available for all years between 2007 and 2013.
White: 2,568; African Americans: 1,782; Hispanics: 375.
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Figure 4.2: Mean Self-Rated Health and Psychological Distress by Race

Note: SRH is based on 2,693 head of household
participants of the Panel Study of Income
Dynamics and for whom data were available for all
years between 1999 and 2013.
White: 1,576; African Americans: 848; Hispanics:
155.
Psychological distress is based on 4,867 head of
household participants of the Panel Study of
Income Dynamics and for whom data were
available for all years between 2007 and 2013.
White: 2,568; African Americans: 1,782;
Hispanics: 375.
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Table 4.3
Parameter Estimates and Standard Errors of Labor Income on SRH
Arellano-Bond (System-GMM)
Working-age US Adults (18-64 Years)
The Panel Study of Income Dynamics, 1999-2013, (N=2,693)
White
African American
Hispanic
Quartile 1
Reference
4.869***
3.687***
6.306***
Quartile 2
(1.010)
(1.106)
(1.660)
3.541***
4.499***
4.145*
Quartile 3
(1.053)
(1.332)
(2.033)
4.120***
4.089**
8.283***
Quartile 4
(1.142)
(1.418)
(1.622)
118
#IV
chi2(85): 79.37; P= 0.652
chi2(85): 109.24; P= 0.039 chi2(85): 99.72; P= 0.131
Hansen J
Parameter Estimates and Standard Errors of Labor Income on Psychological Distress
Heteroscedasticity-Based Instruments (Lewbel 2012)
Working-Age Adults (18-64 Years)
Panel Study of Income Dynamics, 2007-2013, (N=4,867)
White
African American
Hispanic
Quartile 1
Reference
-1.494***
-1.708**
-0.1543
Quartile 2
(0.412)
(0.492)
(0.831)
-1.457**
-2.538***
-0.553
Quartile 3
(0.457)
(0.485)
(0.696)
-1.646***
-2.604***
-0.853
Quartile 4
(0.368)
(0.430)
(0.651)

Note: SRH is based on 2,693 head of household participants of the Panel Study of Income Dynamics and
for whom data were available for all years between 1999 and 2013.
Whites: 1,576; African Americans: 848; Hispanics: 155.
System-GMM adjusted for includes age, number of chronic conditions, body mass index, alcohol use,
smoking status, light physical activity, marital status, number of children under 18 years of age, health
insurance, external financial support, and financial liabilities to others.
Psychological distress is based on 4,867 head of household participants of the Panel Study of Income
Dynamics and for whom data were available for all years between 2007 and 2013.
Whites: 2,568; African Americans: 1,782; Hispanics: 375.
Heteroscedasticity-based instruments regressions adjusted for age, body mass index, alcohol use, smoking
status, light physical activity, marital status, number of children under 18 years of age, health insurance,
external financial support, and financial liabilities to others.
*** p < .001; **.001 ≤ p < .01; *.01 ≤ p < .05.
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Table 4.4
The Relation of Changes in Labor Income to Changes in Physical and Mental Health
Working-Age Adults (18-64 Years)
The Panel Study of Income Dynamics
Gain in Labor Income and SRH
FD
Lagged Fixed Effects
(Adjusted)
White
African
Hispanic
White
African
Hispanic
American
American
0.017
0.035
0.980
Change in Income Labor
0.002
2.689
4.171
(0.012)
(0.030)
(0.036)
(0.628)
(1.374)
(2.771)
Income Quartile
Loss in Labor Income and SRH
FD
Lagged Fixed Effect
(Adjusted)
White
African
Hispanic
White
African
Hispanic
American
American
0.034*
0.004
-1.394*
Change in Income Labor
0.040
-4.542*
-1.403
(0.014)
(0.028)
(0.044)
(0.637)
(1.777)
(1.982)
Income Quartile
Gain in Labor Income and Mental Health
FD
Lagged Fixed Effects
(Adjusted)
White
African
Hispanics
White
African
Hispanic
Americans
American
0.045*
0.079
-0.166
Change in Income Labor
-0.008
-0.169
0.280
(0.018)
(0.033)
(0.049)
(0.159)
(0.397)
(0.554)
Income Quartile
Loss in Labor Income and Mental Health
White
African
Hispanic
White
African
Hispanic
American
American
0.043*
0.455**
Change in Income Labor
0.024
0.070
-0.535
0.579
(0.018)
(0.034)
(0.050)
(0.161)
(0.363)
(0.566)
Income Quartile

Note: SRH is based on 2,693 households’ head participants of the Panel Study of Income Dynamics and
for whom data were available for all years between 1999 and 2013
Whites: 1,576; African Americans: 848; Hispanics: 155.
Psychological distress is based on 4,867 head of household participants of the Panel Study of Income
Dynamics and for whom data were available for all years between 2007 and 2013.
Whites: 2,568; African Americans: 1,782; Hispanics: 375.
*** p < .001; **.001 ≤ p < .01; *.01 ≤ p < .05.
Health Improvement (SRH): A binary indicator variable measuring one-period change in SRH with the
value of 1 representing improvements in SRH and zero representing no change or worsening health.
Health Decline (SRH): A binary indicator variable measuring one-period change in SRH with the value
of 1 representing decline in SRH and zero representing no change or health improvement.
Decline in mental health: A binary indicator variable with the value of 1 representing an increase in
psychological distress scores from one wave to the next and zero representing no change or decreases in
psychological distress scores from one wave to the next.
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Improvements in mental health: A binary indicator variable with the value of 1 representing decline in
psychological distress scores from one wave to the next and zero representing no change or increase in
psychological distress scores from one wave to the next.
In FD model, the outcome is health improvement (or decline) and the key endogenous variable is
economic gain (or loss). FD adjusted for one-period changes in age, number of chronic conditions (only
SRH), body mass index, alcohol use, smoking status, light physical activity, marital status, number of
children under 18 years of age, health insurance, external financial support, and financial liabilities to
others.
In lagged fixed effects model, the outcome is the SRH or psychological distress at time t. The key
independent variable is either economic gain or loss. Lagged fixed effect model included the following
variables measured at t-1: health measures, economic indicator, age, number of chronic conditions (SRH
only), body mass index, alcohol use, smoking status, light physical activity, marital status, number of
children under 18 years of age, health insurance, external financial support, and financial liabilities to
others.
Economic Gain: The transition from a lower quartile to an upper quartile.
Economic Loss: The transition from an upper quartile to a lower quartile.
SRH: Self-rated health.
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Chapter 5
Summary and Conclusions
Study Summary and Discussion
The relationship between economic status and health has been a subject of research for
the last two decades in the United States (US) (1-12). Economic, sociological and
epidemiological studies have indicated that higher economic status is associated with better
physical (1-4,7,8) and mental health (9,11,12). Nonetheless, a comprehensive evaluation of the
relationship between economic status and health is still lacking. Most studies have used a single
measure of health (1-12); the concept of health is abstract, and no single measure can capture all
health dimensions (13). Further, most studies have focused on one-direction – economic status
affecting health; little is known as to whether subsequent recovery from declining health
improves economic status. In addition, given the long-history of racial discrimination,
differential effect of poverty on health between whites and African Americans, racial inequities
in education and healthcare resources (14-16), it is important to examine racial disparities in the
relationship between economic status and health. Only a few studies have conducted
comparative analysis of whites and racial minorities (11,17-19). Furthermore, previous studies
have not adequately controlled for endogeneity between economic status and health due to
reverse causality, omitted variables and unobserved heterogeneity (2,4-6,9,11,12,20).
Therefore, this dissertation has three objectives: 1) to examine the dynamic relationships
between various measures of economic status (family income, labor income and net wealth) and
physical health (Self-rated health and functional limitations) using a sample of working-age
adults (18-64 years) in the US; 2) to evaluate the bidirectional relationships between economic
indicators (family income, labor income and net wealth) and mental health measures (mental
illness and psychological distress) with adjustments for endogeneity between economic status
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and mental health; 3) to evaluate the heterogeneous relationships between labor income and two
measures of physical and mental health stratified by racial groups.
In the present study, family income, labor income and net wealth were positively
associated with self-rated health (SRH) after adjustment for endogeneity and other external
factors. However, only labor income and net wealth were negatively associated with functional
limitations. Our study results suggest that the relationship between economic indicators and
health is dependent on the health measures that used to examine the relationship. Health is a
multidimensional concept and economic indicators seem to have different dynamic relationships
with different components of health.
Furthermore, this study found strong relationships between losses in family or labor
income and health decline. It was also observed that improvement in SRH increased likelihood
of increases in family income, labor income and net wealth after adjusting for other factors;
conversely, decreases in SRH increased likelihood of decreases in family income, labor income,
and net wealth. These results highlight the need for policies to provide safety nets for adults who
experience a decline in income to prevent further deterioration in health. Our results also
revealed that economic stability plays an important role in individuals’ physical health.
With regard to mental health, the current study indicated that family income, labor
income and net wealth were negatively associated with mental illnesses and psychological
distress. Specifically, this study found that adults in higher family income, labor income and net
wealth quintiles were less likely to have a mental illness than their counterparts in the lowest
quintile of these economic indicators. The results also revealed that working-age adults who
experienced an economic loss were more likely to have a mental illness and higher psychological
distress. These findings suggest that mental health and economic status have a bidirectional
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relationship. Therefore, programs and policies to improve either mental health or economic
status of individuals need to be comprehensive and target both mental health and economic
sectors in the US.
The current study observed that whites and African Americans in higher labor income
quartiles had better SRH and lower psychological distress than their counterparts in the lowest
quartile. In these two racial groups, those who experienced a decline in labor income also
experienced a decline in SRH. However, decreases in labor income were associated with
increases in psychological distress among whites only. Among Hispanics, there was a significant
positive relationship between labor income and SRH. However, Hispanics who experienced a
decline in income did not experience a decline in SRH. With regard to mental health, the study
observed that Hispanics had lower psychological distress scores than whites or African
Americans. Also, there was no relationship between labor income and psychological distress and
no relationship between change in labor income and change in mental health among Hispanics.
These findings suggest heterogeneous race-stratified relationships between labor income and
physical and mental health. These findings again highlight the need for policies to provide safety
nets for adults who experience a decline in income to prevent further deterioration in health.
Implications of the Findings
The findings from the current dissertation highlight the need for initiatives that improve
health of the individuals by incorporating health considerations into decision-making across
policy areas. Although the US has disparate policies (21,22), these policies need to be
strengthened and include integrated and cohesive health components. Two initiatives in the US
and Europe have been proposed to improve individuals’ health: “Health in All Policies (23)” and
“Mental Health in All Policies (24)”. Both initiatives comprehensively target health
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improvement in all sectors. Under these approaches re-shaping individuals’ economic, physical,
social, and service environments can help improving physical and mental health (23). Therefore,
it is important to strengthening the protective factors throughout an individual’s life such as
affordable day-care centers for children, affordable housing, and return-to-work policies and
programs (24).
The current study found that negative economic shocks adversely affect physical and
mental health. There are several mechanisms through which low financial resources can impact
health negatively. Adults with lower financial resources have lower access to housing, nutritious
food and health care which can affect their health. Therefore, it is crucial to provide safety nets
for adults who experience a decline in economic status to prevent deterioration in health.
The present study also indicated that SRH improvement had a positive impact on family
income, labor income and net wealth. In the US, adults with chronic health conditions are more
likely to report that their health is fair or poor (25), suggesting that policies and interventions that
decrease the burden of chronic diseases among working-age adults could have significant
positive effects on economic status in this population. In addition, given that SRH is widely
considered to be an excellent measure of healthcare quality in the US (26), improving the
healthcare quality in the US may likewise promote/lead to improvement in economic well-being.
Our findings also have implications for improving access to mental healthcare as well as
mental health treatment. Nearly 1 in 5 working-age adults with severe mental illnesses was
uninsured in a nationally representative sample of US adults (27). In addition, 30.4% of workingage adults with serious psychological distress were uninsured in the period from 2009-2013 (28).
Even with insurance coverage, individuals with mental illnesses can face a high economic
burden in terms of out-of-pocket spending (27). Evidence also exists on cost as a barrier to
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receiving mental health services (29), which may lead to foregoing mental health care due to
high-cost sharing and out-of-pocket spending burden. Lack of mental health treatment may
further worsen the mental illness of adults, which can lead to further reductions in income. These
findings again highlight the need for “Mental Health in All Policies,” recommended by the
experts in the European countries (24).
Our study findings have also implications for healthcare professionals such as social
workers and others who often coordinate care for those with low income and/or mental health
conditions (30). For example, healthcare professionals need to take into account the economic
status of the adults to treat a mental illness episode successfully and to increase the quality of the
mental healthcare (30). Healthcare professionals need also to assess the adult’s educational
accomplishments and occupational progression when tailoring intervention programs that
address mental illnesses.
Suggestions for future research
This study conducted a comprehensive evaluation of the relationship between economic status
and health using various measures of the two. The current study found that increases in economic
resources had a positive impact on health. However, there is a need to explore the effect of
income supplementation and state funded welfare programs on health outcomes. Further, this
study revealed that losses in labor income had a negative impact on physical and mental health.
Therefore, future studies need to examine the reasons for decline in labor income because policy
prescriptions for protection against job loss and reduced work hours differ. It is plausible that
many adults in the US experienced income losses due to job losses because our study period
overlapped with the great 2007-2009 recession (31). Additionally, the study findings suggest
heterogeneous race-stratified relationships between labor income and physical and mental health.
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Future research may need to investigate the role of the social capital factors in the heterogeneous
relationships between labor income and two measures of physical and mental health stratified by
racial groups.
Strengths
This dissertation has several strengths. This dissertation examined the potential reciprocal
relationships between economic status and health using a variety of economic and physical and
mental health measures. Further, this study assessed the relationship of health to both continuous
and categorical measures of economic status. The present study also controlled for a
comprehensive list of other exogenous explanatory variables. In addition, by tracking individuals
over a 14-year period, the current study was able to analyze causal relationships between
economic status and health, including bidirectional relationships. This dissertation also used
dynamic panel data estimators and other novel techniques to overcome the limitations of lack of
readily available valid instrumental variables.
Limitations
The current study has some limitations. First, the study cohort was restricted to heads of
households. Thus, the estimates may be not generalizable especially to married women. Second,
although we controlled for fixed effects due to time-invariant factors such as sex, race/ethnicity
and other contextual factors, the study did not provide the estimates of the effects of these
factors. Third, information on all variables was based on self-reported data, raising the possibility
of recall bias. Fourth, the included physical and mental health measures may not capture the
whole aspects of health.
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